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H.  J.  Wagner,  R.  S.  Bums,  T.  E.  Carroll,  and  R.  C.  Simon* 


ABSTRACT 


The  BWTC  Handbook  on  Alloy  7i8  is  a  compilation  of  available  data 
and  information  covering  the  metallurgy,  manufacturing,  applications,  and 
mechanical  properties  of  this  nickel-base  heat-resistant  alloy.  Much  of  the 
textual  matter  has  been  condensed  from  reports  and  literature  received  from 
b^th  the  producers  and  the  users  of  this  alloy  and  covers  subjects  such  as 
melting,  forcing,  welding,  metallography,  and  others  of  interest  to  the  user. 
Mechanical  properties  are  presented  for  each  of  the  product  forms  and  con¬ 
ditions  in  which  this  alloy  is  used  and  both  original  end  digested  data  are 
included  for  tensile,  fatigue,  creep- rupture,  and  other  properties. 


•Mr.  Wagner  is  Chief  of  the  Specialty  Alloys  Division;  Messrs.  Bums  and 
Carroll  are  Information  Specialists,  and  Mr.  Simon  is  an  Information 
Analvst,  in  the  Information  Operations  Division,  Battelle  Columbus 
Laboratories,  Columbus,  Ohio. 
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INTRODUCTION 


Alloy  718  is  a  wrought  nickel-base  alloy  which  was  initially 
intended  for  use  up  to  about  1300  F.  it  differs  from  the  1500  to  1800  F 
nickel  alloys  in  that  (1)  columbium  is  substituted  for  much  of  the 
aluminum  and  titanium  and  (2 J  19  percent  iron  is  substituted  for  most  of 
the  molybdenum  and  all  of  the  cobalt.  The  effect  of  these  differences  is 
to  reduce  the  high-temperature  strength  with  a  corresponding  increase  in 
we  1  dab i 1 ity . 

A  variety  of  heat  treatments  and  compositional  variations  have 
been  used  to  achieve  specific  optimum  properties  such  as: 

1.  Short-time  high-temperature  tensile  strength 

2.  Stress- rupture  strength 

3.  Notch  tensile  strength 

4.  Fatigue  strength 

5.  Weldability. 

In  addition,  it  was  discovered  that,  when  properly  processed. 

Alloy  718  has  useful  cryogenic  properties  down  to  -423  F. 

Variations  in  heat  treatment  and  composition  and  other  physical- 
metallurgy  details  of  Alloy  718  are  fully  discussed  in  DM1C  Report  217  by 
Wagner  and  Hall. 

Since  DMIC  issued  Report  217,  a  considerable  quantity  of  property 
data  on  Alloy  718  have  been  extracted  and  tabulated.  The  primary  purpose  of 
this  Handbook  is  to  make  these  data  available  for  general  dissemination.  Much 
of  the  information  on  physical  metallurgy  was  taken  from  Report  217,  and 
condensed  and  repackaged  to  fit  the  Handbook  format. 


I.  METALLURGY 


Melting 

Costing 

Metalworking 

Metallography 

Corrosion 

Stress  Corrosion 

Physical  Metallurgy 


MELTING 


Forging 


Alloy  718  is  usually  vacuus  melted.  Pro¬ 
cedures  employed  include  (a)  induction  melting  in 
air  followed  by  consumable-electrode  vacuum-arc 
remelting,  or  (b)  vacuum-induction  melting  (some¬ 
times  followed  by  consumable-electrode  or  vacuum- 
induction  reselling).  Vacuum  melting  prevents  un¬ 
controlled  losses  of  easily  oxidised  elements  such 
as  Ti  and  A1  and  removes  gaseous  impurities, 
thereby  permitting  stricter  control  of  final  com¬ 
position.  All  of  these  factors  result  in  more  con¬ 
sistent  properties  than  can  be  obtained  by  air 
melting.  Consistently  better  100-hour  creep- 
rupture  strength  is  usually  obtained  over  tha 
entire  temperature  range  of  importance  by  employing 
vacuum  melting  techniques. 

Consumable-electrode  vacuum-arc  melting 
volatilizes  impurities  and  also  breaks  down  and 
disperses  nonmetal lie  inclusions.  Segregation 
and  unsoundness  at  the  center  of  the  ingot  are 
reduced,  resulting  in  improved  hot-working  char¬ 
acteristics,  particularly  when  vacuum- induction- 
melted  ingots  are  employed  as  electrodes  for  re¬ 
melting  by  the  consumable-electrode  vacuum-arc  pro¬ 
cess. 

Ref:  *  62551,  66882 

CASTING 

Although  Alloy  718  is  used  primarily  in 
wrought  forms,  the  alloy  is  also  used  in  the  form 
of  castings.  The  composition  is  the  same  as  that 
of  the  wrought  alloy,  and  the  alloy  is  usually 
vacuum  melted.  Its  weldability  makes  it  useful  in 
the  construction  of  cast  assemblies  such  as  jet- 
engine  frames. 

Alloy  718  is  one  of  a  number  of  super- 
alloys  for  which  precision  casting  methods  are 
currently  under  study.  The  objective  of  an  Air 
Force- sponsored  program  at  the  American  Brake 
Shoe  Company  is  to  precision  cast  a  full-scale 
jet-engine  turbine  disc  and  a  full-scale  aircraft 
fin  beam. 

Ref:  62SS3,  66882,  67431,  Preliminary  information 
reported  by  American  Brake  Shoe  Company, 
Hahwah,  New  Jersey,  under  an  Air  Force 
Contract. 


METALWORKING 

Alloy  718  is  worked  in  much  the  same 
manner  at  other  wrought  nickel -base  alloys.  The 
following  sections,  covering  forging,  rolling, 
extrusion,  and  form- rolling  are  generally  appli¬ 
cable  to  all  wrought  nickel-base  alloys. 


*fteferences  are  listed  in  the  Appendix. 


Nickel-base  alloys  are  more  difficult  to 
forge  than  are  steels.  They  require  more  care 
during  initial  breakdown  (because  of  lesser  ductil¬ 
ity),  they  require  higher  pressures  (up  to  twice 
those  for  steels),  and  their  het-workmg  temper¬ 
ature  range  is  narrower  than  that  for  steels.  In 
addition,  nickel-base  alloys  are  damaged  by  con¬ 
tamination  with  sulfur. 

As  for  other  difficult-to-forge  materials, 
the  initial  forging  operations  on  nickel-base  alloys 
are  made  up  of  light  reductions  and  frequent  re¬ 
heating.  This  precaution  is  required  until  the 
coarse,  as-cast  grain  structure  has  been  broken  up 
and  the  alloy  gains  some  degree  of  toughness.  Sub¬ 
sequent  working  permits  the  use  of  greater  pres¬ 
sures  and  greater  reduction  between  reheats. 

Control  of  forging  temperature  is  very 
important.  The  upper  end  of  the  forging  range, 
around  2200  F,  is  limited  by  Incipient  melting 
("hot-shortness")  above  this  temperature.  The 
lowur  end,  around  1600  F,  i*  just  above  the  temper¬ 
ature  range  at  which  precipitation  hardening  occurs. 
During  initial  forging,  the  temperature  should  be 
maintained  in  the  upper  portion  of  the  1600-2200  F 
range  to  avoid  cracking  of  the  ingot,  and  frequent 
reheating  is  required.  After  the  as-cast  structure 
has  been  broken  up,  the  workpiece  temperature  may 
be  allowed  to  drop  to  1600  F  before  reheating.  The 
finish  temperature  for  the  last  forging  pass  should 
be  near  the  lower  end  of  the  forging  range.  During 
the  intermediate  stages  of  forging,  reductions  be¬ 
tween  heats  should  exceed  10  percent,  in  order  to 
produce  a  fine  wrought  structure.  The  reduction 
following  the  last  reheat  should  range  between  about 
15  and  30  percent.  Finishing  at  too  low  a  temper¬ 
ature  or  with  too  little  reduction  leads  to  undesir¬ 
able  grain  growth  during  subsequent  heat-treating 
operations. 

Nickel-base  alloys  are  damaged  by  con¬ 
tamination  with  sulfur.  Some  furnaces  contain 
sulfur-rich  scale  from  previous  heating  cycles  or 
use  reducing  atmospheres  with  enough  sulfur  to  be 
harmful.  The  recommended  practice  is  to  support 
the  billet  or  preform  on  clean  brick  or  a  plate  of 
a  heat-resistant  alloy  and  to  use  natural  gases  or 
low-sulfur  oils  as  furnace  fuels.  Slightly  oxidiz¬ 
ing  conditions  are  recommended  to  reduce  sulfur 
pickup  from  furnace  atmospheres. 

During  forging  of  nickel-base  alloys,  a 
lubricant  is  necessary  between  the  part  and  die 
to  reduce  their  natural  tendency  to  seize  and  gall. 
Typically  with  steels,  the  natural  oxide  formed 
upon  heating  serves  as  a  parting  agent;  however, 
with  the  oxidation-resistant  nickei-base  alloys,  a 
parting  agent  must  be  Introduced  mechanically. 

U&rl  cants  and  parting  agents  containing  sulfur  are 
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undesirable.  The  most  commonly  used  lubricants  are 
mixtures  of  graphite  and  oil.  Other  materials  that 
have  been  used  with  varying  degrees  of  success  are 
glass,  mica,  sawdust,  end  asbestos.  These  materi¬ 
als  also  help  to  minimize  the  chilling  effect  of 
cold  dies. 

Rolling 

The  starting  billets  for  hot  rolling 
include  forged  slabs  fc r  flat  products  and  forged 
rounds,  squares,  and  octagons  for  rods,  bars, 
and  shapes.  These  billets  require  careful  surface 
conditioning  (grinding  or  machining)  before  the 
start  of  rolling  and  frequently  between  rolling 
passes  to  minimize  the  initiation  and  growth  of 
surface  flaws. 

Plate  down  to  3/8-lnch  thick  is  usually  hot 
rolled  on  three-high  hand  mills.  In  the  early 
stages,  cross  rolling  may  be  utilized  to  obtain  the 
desired  width  and  to  reduce  directionality  in  the 
fioishc-3  product.  Plate  intended  for  reroliing 
is  then  pickled  and  shot  Masted  to  produce  a 
clean  surface. 

Rolling  of  aheee  down  to  about  O.C4S-inch 
thickness  is  done  either  hot  or  cold  on  two-high 
mills.  Purther  reduction  is  done  cold.  Cold 
rolling  enhances  the  mechanical  pibperties,  im¬ 
proves  surface  finish,  and  permits  closer  control 
of  sheet  thickness.  Sites  down  to  0.0C8  or  0.010- 
inch  thickness,  wlt'n  widths  up  to  36  inches,  are 
rolled  cold  on  a  Sendzimlr  mill. 

Typical  fabrication  schedules  for  the  pro¬ 
duction  of  hot-finished  bar  and  rod  products  in¬ 
volve  hot  rolling  of  forged  bars  to  2-1/4-lnch 
gothics  on  s  24-inch  mill,  followed  by  surface 
conditioning  and  further  hot  rolling  on  a  10-inch 
mill,  down  to  S/16- inch  rod.  Rod  intended  for 
later  cold  drawing  into  wire  is  usually  coiled  at 
this  size. 

Hot-rolled  sheet  and  plate  are  generally 
heat  treated  after  rolling,  then  descaled  in  a  hot 
caustic  bath.  After  being  descaled,  they  are 
pickled  In  a  hot,  strong  acid  to  provide  a  smooth, 
bright  finish.  Plate  is  flattened  by  roller  level¬ 
ing,  then  sheared  to  finish  size.  Sheet  products 
are  stretch-straightened  before  being  cut  to  size. 
Hot-finished  bar  products  ire  generally  centerless 
ground  after  heat  treating  and  straightening.  Cold¬ 
drawing  stock  is  hest-treated,  descaled,  and  pickled. 

Extrusion 

Hot  extrusion  Is  employed  for  the  production 
of  long  sections  from  machine-turned  ingots  or 
forgings.  All  extruders  employ  the  Sejoumet  glass 
process,  using  procedures  similar  to  those  developed 
for  extruding  steel.  Besides  providing  effective 


lubrication,  glass  serves  as  an  insulator  between 
the  tools  und  the  hot  billet  during  extrusion. 
Excessive  overheating  of  tools  does  not  occur, 
tool  life  is  increased,  and  die  costs  are  reduced. 

The  key  to  the  successful  extrusion  of 
nickel-base  alloys  is  accurate,  close  control  of 
hot-working  temperature.  Thus,  transfer  times 
between  the  furnace  and  the  extrusion  press  must 
be  minisdzed  to  avoid  heat  loss.  Also,  the  speed 
of  extrusion  must  be  controlled  so  that  overheating 
does  not  result  from  the  heat  of  deformation  that 
is  generated  during  extrusion. 

Whenever  possible,  the  extruded  product  Is 
quenched  after  extrusion  to  remove  any  adhering 
glass.  Some  untwisting  or  straightening  may  be 
required.  The  extrusion  process  has  been  used 
extensively  in  the  production  of  seamless  tubing 
from  nickel-base  alloys.  Simple  shapes,  such  as 
engine  rings,  have  been  extruded  from  a  variety  of 
nickel-base  alloys. 

Work  is  currently  being  done  by  TRW  Inc., 
to  develop  a  technology  for  the  extrusion  of  super¬ 
alloys  to  structural  shapes;  Alloy  718  is  included 
among  the  materials  being  studied.  The  program  is 
designed  to  define  the  process  limits  for  the  ex¬ 
trusion  of  superallqy  shapes  from  cast  ingots  and 
to  provide  an  economic  appraisal  of  the  process 
developed.  A  ring  flange  used  in  the  outcr-moto r- 
case  combustion  section  of  a  jet  engine  was  selected 
as  the  part  for  the  extrusion-process  development. 

Ref;  62551,  66882,  Preliminary  information  report¬ 
ed  by  TRW,  Inc.,  Cleveland.  Ohio,  under  an 
Air  Force  Contract 


Cold  Drawing 

Nickel-base  alloys  can  be  cold  drawn  into 
rod,  wire,  and  tubular  products.  The  starting  pro¬ 
ducts  for  the  above  are  annealed,  descaled,  and 
pickled  bars,  rods,  and  extruded  tube  hollows. 

The  larger  sizes  are  finished  on  a  standard 
drawbench.  Smaller  sites  of  rod  and  large-diameter 
wire  are  drawn  on  revolving  bull  blocks.  Very  fine 
wire,  down  to  0. 001-inch  diameter,  is  produced  on 
high-speed,  multiple-die  drawing  machines,  using 
diamond  dies  submerged  in  oil. 

A  variety  of  lubricants  are  utilized  in 
drawing.  During  early  stages,  lead  and  copper 
coatings  are  also  used  frequently. 

In  wire  drawing,  reductions  as  high  as  4C 
percent  can  be  taken  before  intenaediate  annealing 
is  required.  To  prevent  scaling,  the  wire  is 
annealed  in  a  "bright"  annealing  furnace,  utilizing 
an  atmosphere  of  cracked  asoo.iia  and  hydrogen. 
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Form  Rolling 

Engelhard  Industries  is  presently  engaged 
in  a  program  to  develop  and  prove  economical  manu¬ 
facturing  techniques  for  form-rolling  close- 
tolerance  shapes  from  cuperalloys.  Alloy  718  is  one 
of  the  alloys  being  studied.  Configurations  in 
which  these  alloys  are  being  formed  include  E,  T, 
and  L  sections. 

Ref:  66074,  Preliminary  Information  reported  by 
Engelhard  Industries,  Inc.,  Attleboro, 
Massachusetts,  under  an  Air  Force  Contract. 


METALLOGRAPHY 

Sample  Preparatlar 

The  preparation  of  samples  for  metallo- 
graphlc  examination  follows  standard  techniques. 

"or  ms  .roexamlrstion,  grinding  on  a  surface  grinder 
or  coarse  emery  belt  is  uaually  adequate.  Etching 
involves  Immersion  In,  or  flooding  with,  Lepit.u's 
etchant  or  hydrochloric  acid -peroxide  etchant 
(see  below).  Macroetching  ii  accelerated  by  pre- 
neating  the  sample  in  hot  water  befors  etching. 

Preparation  for  mi crosxami nation  requires 
careful  polishing  with  progressively  finer  grits, 
usually  with  final  polishing  on  a  microcloth-  or 
duracloth-covertd  wheel  using  a  water  suspension 
of  gamma  alumina.  After  the  polishing,  the 
surface  is  etched  electrolytically  with  chromic  acid 
for  grain-boundary  examination. 


Microstructure 

The  microstructure  of  Alloy  711  is  quite 
complex  and  is  influenced  highly  by  heat  treatment 
and  composition. 

Two  features  of  the  as-cast  structure  can 
be  retained  in  'the  wrought  alloy,  and  rh zy  h: :•••■ 
a  strong  influence  on  the  resulting  mechanical  pro¬ 
perties.  The  -typical  dendritic  structure  of  the 
ss-eaj/t  ingot  can  be  broken  up  through  p.-oper  hot 
working.  A  Laves  phase  appears  to  be  related  to 
alloy  composition.  It  has  been  identified  with 
the  appearance  of  "freckles"  in  the  as-wrought 
matrix  and  is  found  to  be  detrimental  to  jield 
strength  end  ductility.  The  Laves  phase  is 
j somorphous  with  Fe2Ti. 

The  matrix  of  wrought  Alloy  718  is  a  face- 
centered  cubic  structure.  Twc  phases  are  subject 
to  precipitation  during  aging,  dependent  on  tiic 
aging  temperature  end  time.  The  preferred  pre¬ 
cipitate,  called  "gamma  prime",  is  formed  on  aging 
at  1300  to  1400  F,  This  phase  is  a  octastablc 
body-centered  tetragonal  (Ni-V)  structure  corre¬ 
sponding  to  .VijfCb,  Mo,  Al,  Ti).  Overaging,  or 
aging  at  higher  temperatures ,  causes  the  trans¬ 
formation  of  this  phase  to  a  more  stable  ortho- 
rhombic  (Nl^Cb)  phase. 

The  optimum  precipitation  of  the  preferred 
gamma-prime  constituent  is  srcomplished  by  aging 
for  a  short  time  (8  to  10  hours)  1300  to  1400  I', 
followed  by  subsequent  aging  at  lower  temperatures. 


Ref:  64273 


Etching 


Etchant 


Composltionf*) 


Remarks 


Leplto'f 


Peroxide- 

Hydrochloric 


IS  -irsms  (»fi) SO.  in  7S  ml  HJ3 
2S0  grams  Fe.lt  In  100  ml  IICT 
Mix  and  add  30  ml  HN03 


1U02  (30\)  —  1  part 
MCI  2  parts 
HjO  3  parts 


Etching  time  30-120  seconds. 
Macroetch  for  general  sur¬ 
face  condition  and  weld 
structure. 

Must  be  freshly  mixed.  Use 
hot  water  to  speed  reaction. 
Any  stains  formed  may  he  re¬ 
moved  with  S0\  ftXOj.  Macro- 
etch  for  revealing  grain 
structure. 


Electrolytic  microetch  for 
grain  boundaries.  Use  0.2 
to  0.S  amp/sq  cm  cunent  for 
IS  to  30  seconds,  'lake  spec! 
men  anode  with  a  platinum  or 
Inconel  600  cathode. 


(a)  Use  concentrated  acids. 
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Chromic  add 


CrO,  — 
HjO 


S  grams 

100  ml 


That  is,  to  obtain  maximum  stre-qthening  it  is 
necessary  to  precipitate  as  modi  gamma  prime  as 
possible  withuit  transforming  to  the  orthorhombic 
\' i ,Cb  phase  Thus,  dod)’''  aging  is  required. 

The  individual  gamma-prime  particles  are 
disc-shaped  and  lie  on  the  (100)  planes  of  the 
matrix,  with  their  coaxes  perpendicular  to  these 
planes  The  following  lattice  constants  are  re¬ 
ported  for  the  gamma-prime  phase,  for  material  aged 
at  1400  F  for  10  hours,  furnace  cooled  to  1200  F, 
and  aged  an  additional  3  hours: 

aQ  -  3.624  Angstrom  units 

c0  -  7.406  Angstrom  units 

Ref:  61368 


CORROSION 

Alloy  718  was  considered  a  candidate  ma¬ 
terial  for  an  application  involving  piping  of  hot, 
flowing,  nitrogen  tetroxide  (N2O4).  Tests  by  the 
Aerojet-General  Corporation  determined  that  Alloy 
718  showed  no  general  corrosion  in  the  presence  of 
N204;  however,  the  material  did  show  an  inter- 
gienular  corrosion  attack,  as  illustrated  by 
ohotoir.icrographs  in  Aerojet-General  Report  No. 

DVR  64-365. 

Ref:  DMIC  S9644 


STRESS  CORROSION 

Alloy  718  (aged)  specimens  were  subjected  to 
a  series  of  tests  to  determine  their  susceptibility 
to  stress  corrosion.  Results  showed  that  this  alloy 
was  immune  to  stress  corrosion  when  under  the 
following  testing  conditions: 

(1)  Alternate  immersion  (1000-hr  duration) 
at  90  percent  TYS  in  synthetic  sea¬ 
water 

(2)  Salt  spray  (3  percent  concentration, 
1000-hr  duration)  at  90  percent  IYS  of 
unnotchvd  specimens 

(3)  Alternate  immersion  (500-hr  duration) 
in  synthetic  seawater  at  SO  percent  of 
notched  tensile  strength  of  prec racked 
specimens  that  had  been  bralc-t'clc 
hr’!  treated,  thin  1  -ldcd  (precrack 
located  in  center  of  weld.  .1  rr.al  .  1 
.rp  1  led  load  1  . 

Ref:  DVIC 
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PHYSICAL  METALLURGY 
Strengthening  Mechanism 

The  crystallographic  nature  of  the  gamma- 
prime  constituent  and  its  role  in  strengthening 
Alloy  718  have  been  studied  recently  by  Cometto, 

The  following  summarizes  his  findings. 

Gamma  prime,  as  its  name  implies,  is 
similar  in  many  ways  to  the  face-centered  cubic 
(gamma)  matrix  from  which  it  forms.  The  only 
difference,  in  fact,  is  that  gamma  prime  more 
nearly  approaches  the  stoichiometric  ratio  A3B, 
resulting  in  ordering  of  the  atomic  positions 
and  a  slight  distortion  of  the  lattice. 

The  A^B-type  intermetallic  compounds  can 
be  classified  according  to  the  way  the  atoms  are 
ordered.  The  type  A  layers  can  occur  in  four 
different  stacking  sequences,  and  Type  B  layers  in 
two  different  stacking  sequences,  giving  six  dif¬ 
ferent  types  of  crystal  structure  or  families  of 
compounds.  Table  1  shows  these  compound  types  and 
the  corresponding  nickel  intermetallic  compounds. 

It  was  found  that  Alloy  718  precipitates  a  metastable 
gamma-prime  phase  based  on  the  NijCt  composition, 
but  with  a  body -centered  tetragonal  N^V  structure. 

Table  1.  Stacking  Arrangements  in  Close-Packed 
Ordered  AjB  Structures 


Structure  Nickel 
Type  Compound 

Layer 

Type 

Stacking 

Sequence 

Cu-iAu 

\i-Al 

A 

abcabc  . .  . 

Ni^Ti 

•'  i3Ti 

A 

abacabac  . . . 

Cd-Mg 

A 

abab  . . . 

Al-Pu 

— 

A 

abcacbabcacb  . . . 

Cu-.Ti 

N  i  -Cb 

B 

abab*  . . . 

AljTi 

Ni  3  V 

B 

abedef*  .  .  . 

•Neglects  sligh*  distortion. 

The  atoms  of  the  N i .A I  and  Ni -A  compounds 
occupy  essentially  the  same  lattice  sites  as  the 
atoms  in  the  gamma  solid  solution.  On  the  other 
hand,  compounds  such  as  Ni.Ti  (hexagonal  structure) 
and  NijCb  (orthorharabic  Cu-Ti  structure!  require  a 
complete  rearrangement  o‘~  atom  sites  as  well  as 
composition  changes  in  order  to  precipitate  from 
a  facc-ccntcrcd  cubic  matrix. 

Conctto’s  analysis  has  shed  considerable 
light  on  the  gamma-prime  strengthening  mechanism 
in  Allov  '18.  It  can  he  usee  to  explain  why  the 
double-aging  treatment  results  in  highc-  strength 
than  the  single  aging.  Apparent Iv ,  to  get  maximum 
strengthening,  it  is  necessary  to  precipitate  us 
much  gamma  prime  ar.  possih!-,  without  overaging; 
tnat  is.  bout  transforming  from  me  body- centered 
tetragonal  gamma  prime  to  the  orthorhombic  S'itCb. 
High  t  ,-ti  rature-s  and  long  times  favoi  the  latter. 
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II.  MANUFACTURING  PROCESSES 


Machining 

Forming 

General 
Dimcling 
Heat  Treating 
Cleaning 
Coating 
Joining 

TIG  Welding 
Electron  Beam  Welding 
Resistance  Welding 
Brazing 

Adhesive  Bonding 
Surface  Finishing 


MACHINING 

Machining  of  Alloy  71 A  can  b«  accomplished 
rwadily  in  aithar  tha  anneal ad  on  aga-hanianad 
condition.  Tha  alloy  will  giva  a  slightly  longer 
tool  life  in  the  annealed  condition.  Better  chip 
action  on  breaker  tools  and  a  better  finish  can  be 
obtained  when  the  alloy  is  in  the  age-hardened  con¬ 
dition. 

Table  1  lists  the  recoamanded  speeds  for 
aachining  the  alloy  with  high-speed-steel  tools. 
Table  2  presents  typical  lathe-turning  tool  di¬ 
mensions.  In  general,  the  tooling  and  pro¬ 
cedures  used  in  aachining  Alloy  718  are  similar  to 
those  used  for  Inconel  X-7S0. 

The  Air  Force  Machinability  Data  Center, 
located  at  Met cut  Research  Associates,  Cincinnati, 
Ohio,  can  be  contacted  for  more  specific  informa¬ 
tion  on  the  aachining  of  Alloy  718. 

Reference  62S48  presents  a  good  state-of- 

Othe-art  simanry  on  the  aachining  of  nickel-base 
alloys. 


foraing,  trspped-rubber  forming,  stretch  forming, 
tube  forming,  roll  forming  and  bending,  dlapling, 
joggling,  blanking,  and  sizing.  Mott  nickel-base 
alloys  can  be  worked  at  both  rooa  and  elevated  tem¬ 
peratures.  The  hot-working  temperatures  are  gener¬ 
ally  higher  than  those  used  for  steel  because  the 
materials  -retain  their  strengths  to  higher  tem¬ 
peratures.  Reference  6255 1  presents  an  excellent 
state-of-the-art  suomary  of  deformation  processing 
of  nickel -base  alloys. 

At  the  present,  comprehensive  information 
on  the  primary  n/.d  secondary  foraing  characteris¬ 
tics  of  Alloy  718  is  not  readily  available.  How¬ 
ever,  total-elongation,  uniform-elongation,  and 
bend  tests,  conducted  by  McDonnell  Aircraft  Corp., 
indicate  that  the  alloy  possesses  good  formability 
characteristics  in  the  annealed  condition.  Guerin 
rubber- forming  and  impact  rubber-forming  tests,  also 
conducted  by  McDonnell,  have  indicated  that  in  the 
annepled  condition  Alloy  718  is  readily  formable 
using  standard  production  rubber-forming  techniques. 
Very  little  restriking  and  hand  working  would  be 
required  to  produce  parts  to  production  tolerances. 
Typical  results  of  the  forming  tests  are  presented 
in  Table  3. 


Table  1.  Speeds  (FVM)  for  Machining  with  H.S.S.  Tools 


Turnia«(e.h)  Drilling*'1  SomnlaeW  mnin«C)  Tseelm 
IS- 20  1S-20  7-14  1S-20  S-l 

(a)  Use  roughing  feeds  of  C-.010  to  0.01S  inch  par  revolution 

(i.p.r.J. 

Finishing  foods  in  (overaod  by  desired  finish. 

(b)  Operate  et  *0  te  100  feet  per  ninutt  with  cemented  carbide 
tents  with  feeds  of  O.OOS  to  0.01J  i.p.r.  Grade  C-2  tools 
sre  suitable. 

(c)  Use  feeds  proportional  to  drill  diameter 

1/1*  te  1/4  la.  dta.  . O.OOOS  to  0.002  I.p.r. 

1/4  te  i/4  la.  dia.  . 0.002  to  0  004  i.p.r. 

1/4  to  2  la.  dia.  . 0.004  to  0 .00*  i.p.r. 

(4)  baaing  feeds  are  sheet  three  rent  the  feed  used  for  a 
drill  of  the  seme  site. 

(e)  U-.«  e  feed  of  O.OOS  te  O.OOS  inch  per  tooth. 


FORMING 


Nickel-base  alloys  have  been  fabricated 
both  by  primary  and  secondary  forming  techniques 
that  are  similar  to  those  used  for  the  forming  of 
stainless  steels.  Methods  currently  c«q>  loved  for 
primary  fabrication  of  these  alloys  include  rolling, 
extrusion,  forging,  and  drawing  of  tube,  rod,  and 
wire.  Secondary  awial-forming  operations  are 
those  processes  that  produce  finished  or  semi¬ 
finished  parts  from  sheet,  bar,  or  tubing.  The 
room- temperature  ductility  of  most  nickel-base 
alloys  compares  with  that  of  stainless  steels,  and 
secondary  working  can  usuallv  be  carried  out  with 
conventional  processing  techniques.  These  techni¬ 
ques  include  the  following:  brake  bending,  deep 
drawing,  spinning  and  shear  forming,  drop-hammer 


Minimum  bend  radii  of  0.031  inch  and  0.047 
inch  were  obtained  for  0.048-inch,  annealed  sheet 
specimens  bent  perpendicular  to  and  parallel  to  the 
rolling  direction  of  the  sheet,  respectively.  The 
types  of  failures  normally  experienced  in  sheet¬ 
forming  processes  are  shown  in  Table  4. 

McDonnell  Aircraft  Corp.  has  also  con¬ 
ducted  tests  to  determine  the  room- temperature 
dimpling  characteristics  of  aged  0.043-inch  Alloy 
718.  The  dimpling  op-rations  were  conducted  per 
PS  19015  to  detemirc  if  the  materia!  could  be 
dimpled  for  5/32  111  -Shear  rivets  and  1/4-inch 
standard  screws.  !t  was  determined  that  adequate 
dimpling  could  not  be  performed  at  room  temperature 
and  that  elevated  temperatures  would  b-  required  to 
obtain  dimples  of  acceptable  qualitv  for  the 
sheet-thickness.  fastencr-si;e  cumb.nat ions  evalu¬ 
ated. 

Ref:  6194’.  o.S3i, 


Tiapl ing 

United  data  on  the  dimpling  of  Allov  *1* 
are  recorded  in  a  report  bv  the  McDonnell  Airc-aft 
Corporation.  This  renort  «taies  that  attempts  to 
form  dimples  in  0.043-inch-thick  Aliev  71*  sheet 
for  C . 230- inch-diameter  standard  screws  and  0.156- 
inch  I’S -Shear  rivets  vetv  unsuccessful  owing  to 
c; rcuferent i a)  tension  cracks  and  excessive  in¬ 
ternal  shear  flow. 

The  elongation  characteristics  cf  Alloc 
'll  in  the  ST  A  condition  are  vmilar  to  Pene  41 
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Table  2.  Grind 

for  Typical  Lath*  Turning  Tool 

Hlgh-Spood  Stool 

Caumted  Carbide 

Back  taka  Angle 

I*  to  10* 

0*  to  8*  Positive 

Side  taka  Angle 

10*  to  20* 

S*  Positive  .  . 

3*  to  7*  (P >w 

E*  to  10*  (S) 

End  Belief  Angla 

7* 

Sid*  Belief  Angla 

7* 

5*  to  7*  (P) 

8*  to  10*  (S> 

End  Cutting  Edge  Angle 

8*  to  10* 

8*  to  10* 

Sid*  Cutting  Edg*  Angle 

15*  to  30* 

15*  to  30* 

Boa*  Radius 

1/32  In. 

0.010  to  0.032  In. 

*  1  (P)  Prlnary 

(S)  StcOMiry 
General  not**: 

Crlnd  drill*  to  130  to  133*  Included  point  ancle. 

Ua*  narrow  land  roaaor*  ground  to  a  30*  angla  chanfit  and  with  a  3  to  10* 
faca  raka. 

Ua*  atandard  nlUlng  cutter*  with  3*  (P)  and  10*  (S)  relief  back  of  cutting 
edge*  to  prevent  drag. 

Da*  atandard  tap*  ground  to  a  hook  angle  of  about  7*  to  10*.  ,  ~ 

Ua*  raegant,  all  lad  .or  bobbed  type  lnaert  thread  chaser*  ground  to  13*  ran*.  V_/ 

3*  relief  angla  and  20*  throat  a^fa. 

For  drilling,  font  cutting,  and  roanlng,  ua*  chlorinated  sulfurltad  oil*. 

For  general  corning,  a  water -base  chanlcal  coolant  la  raerwandad. 

All  oils  and  coolants  should  b*  coaplctaly  raaovtd  frua*  the  natal  prior  to 
any  heating  operations. 
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and  chemical  composition Host  of  the  heat  treat* 
sent*  currently  being  used  with  this  alloy  have  in 
coaaon  the  steps  of  solution  treating  and  double 
aging,  resulting  in  he  precipitation  of  the  gemma- 
prime  phase  (see  Metallography).  Several  such 
treatments  are  tabulated  on  the  next  page. 

Solution  Treatment 

The  solution  treatment  employed  with  this 
alloy  has  undergone  a  major  change  since  the  a'loy 
was  first  developed.  This  has  involved  a  complete 
reversal  of  the  long-standing  idea  that  high 
stiutioning  temperatures  were  optimum  for  creep- 
limited  applications  and  low  solutioning  temper¬ 
atures  for  tensile-limited  applications.  The  air¬ 
craft  engine  manufacturers,  desiring  good  creep- 
rupture  life,  have  found  that  1700  to  1750  F  for 
1  hour  is  the  preferred  solutioning  temperature.  (•) 
On  the  other  hand,  when  good  tensile  properties  are 
desired,  the  solutioning  temperature  is  now  speci¬ 
fied  as  1950  F.  The  latter  treatment  seems  to  be 
preferred  also  when  toughness  at  cryogenic  temper¬ 
atures  is  required  in  service. 


HEAT  TREATING 

The  effects  of  various  annealing  cycles  on 
the  aicrostructure  of  Alloy  71S  are  reported  by 
McDonnell  Aircraft  Corporation.  Test  specimens 
of  0.040-inch  material  were  overaged  at  1400  F 
for  50  hours  and  the.-  annealed  IS  minutes  at 
temperatures  from  1500  F  to  21S0  F. 

Aanealing  temperatures  below  1700  F  failed 
to  dissolve  the  particles  precipitated  during  aging 
Temperatures  between  1700  and  ItOO  F  adequately 
dissolved  precipitated  phases  so  that  subsequent 
aging  produced  maximum  hardness.  Annealing  over¬ 
aged  material  at  1900  F  for  IS  minutes  appeared  to 
completely  dissolve  precipitated  phases,  without 
altering  precipitation  behavior  during  subsequent 
aging  or  encouraging  excessive  grain  growth. 

Annealing  temperatures  greater  than  1900  F  produced 
excessive  grain  growth  and  led  to  the  formation  of 
undesirable  grain-boundary  films  during  subsequent 
aging. 

Vo  venation  in  hardness  or  microstructure 
wet  found  to  result  from  air  cooling  or  water 
0 wenching  from  annealing  temperature*. 

OFTI  hardness  of  water-  and  air-quenched 
specimens  and  photomicrographs  of  the  gram  * 
lure  of  heat-treated  specimens  are  given 
references. 

*«f  55049  McDonnell  Aircraft  Corpr 

Report  A4~Q.  (December  11,  19 

At  the  present  Mne,  there  is  r..  c.-cird"  (a;  Strictlv  (pealing,  this  is  an  annealing  treat 

heat  treatment  for  Alios  'll.  Rather,  the  heat  mens.  »ince  complete  solution  <Wt  nr t  tale 

treatment  i*  tailored  to  fit  a  specified  application  place  Se lew  !”’-0  *  . 

Oe'pnt-.p  FuA«=»-js  «  I"*  0’~rr>nt'0''  Ce**'*  r*--  •  0nr  ‘  r  c*  b»dr*—  >■'-  -»  •  •  >>  •  r'--  rV 


Solution  treating  is  followed  by  quenching 
or  air  cooling,  depending  on  size.  Air  cooling 
should  be  at  a  rate  of  around  400  degrees  F  per 
minute.  Slow  cooling  (such  as  air  cooling  of  heavy 
sections)  can  result  in  low  yield  strengths  after 
aging. 

The  main  reason  for  not  using  the  1950  F 
solution  treatment  in  creep- 1 imited  applications 
is  that  it  reduces  rupture  ductility.  The  trend 
toward  using  the  high  solutioning  temperature  for 
tensile-limited  applications  has  been  accompanied 
by  a  lowering  of  the  aluminum  content  of  the  allov. 

Amine  Treatment 


For  optimum  properties,  particular!'-  Juc- 
tility.  a  double  aging  treatment  is  now  eaplovcd. 
Initial  aging  is  performed  within  the  range  152$ 
to  1400  F.  usually  for  S  to  10  hours.  Fhe  use  of 
higher  temperatures  and  longer  times  promote*  the 
transformation  of  the  preferred  gamma-prime  phase 
to  the  more  stable.  orthorhombic  \ijCb  phase.  For 
this  reason,  aging  is  usually  completed  within  the 
range  1150  to  120C  F.  u*uallv  for  an  additional  S 
hours  Furnace  cooling  is  employed  in  going  from 
;h-  first  aging  temperature  to  the  second. 

The  selection  of  aging  temperature*  within 
the  ranges  given  above  i*  related  to  the  intended 
application  and.  po**»blv,  to  the  cheaical  com¬ 
position.  Data  on  the  interrelat ioeithips  between 
chemical  composition,  heat  - 1  reatment  detail',  and 


alloy  in  a  lika  condition.  Slnca  thert  is  somef 
dimple-formability  information  available  on  Rene 
41,  this  was  used  to  estimate  the  ratio  of  the 
dimple  slant  height,  H,  to  the  radius  of  the 
dimple  hole,  R.  For  a  100-degree  fastener,  the 
ratio  is  H/R  ■  1.17  for  Rend  41  at  room  temper¬ 
ature.  With  a  dimple  depth  of  0.045-inch,  as  was 
specified,  a  slant  height  of  0.070  inch  would  be 
obtained.  The  maximum  hole  diameter  for  the 
dimple  would  therefore  be  increased  from  100  de¬ 
grees  to  sey  120  degrees,  which  would  give  an  H/R 
ratio  of  2.00.  it  is  doubtful  whether  increasing 
the  temperature  of  dimpling  from  room  temperature 
will  increase  the  capabilities  for  dimpling,  since 
the  limits  depend  on  the  elongation  values  for  the 
material.  Examination  of  the  elongation  values 
for  Alloy  71$  at  various  temperatures  indicates 
that  they  are  about  the  same  from  room  temperature 
to  approximately  1000  F.  At  higher  temperatures, 
the  elongation  is  reduced  and  the  properties  of 
the  material  can  be  affected  by  overaging. 

Ref:  B 


Typical  Heat  Treatment*  for  Alloy  718 


Specification  Company 


AMS  5596A 

Society  of  Automotive 

AMS  S597A 

Engineer* 

B50T69-36 

General  Electric 

Coup  any 

C50T79(S1) 

General  Electric 

Company 

PWA  1009-C 

Pratt  and  Whitney 

Aircraft 

EMS-581C 

AlResearch 

RB0170-101 

Rocketdyne 

ACC-44152 

Aerojet-General 

Firet 

Second 

Solution 

Aging 

Aging 

Aging 

Temp . .  F 

l£5Buu! 

Temp..  F 

Method  (a) 

1750 

1325 

1150 

I  or  II 

1950 

1400 

1200 

1700 

1325 

1150 

I 

1800 

1325 

1150 

I 

1750 

1325 

1150 

1  or  11 

1950 

1350  (b) 

1200 

I 

1950 

1400 

1200 

III 

1950 

1350 

1200 

IV 

(a) 


I:  Hold  8  houre  at  firat  aging  temperature,  furnace  cool  at  100  F/'hr  to 
aecond  aging  temperature.  Hold  8  houra,  air  cool. 

II:  Hold  8  houra  at  firet  aging  temperature,  furnace  cool  to  aecond  aging 
temperature.  Hold  at  aecond  aging  temperature  until  total  time 
elapaed  alnce  the  beginning  of  the  firet  aging  ie  18  houra. 

Ill:  Hold  10  houra  at  firat  aging  temperature,  furnace  cool  to  aecond  aging 
temperature.  Hold  at  aecond  aging  temperature  until  total  time  elapaed 
alnce  the  beginning  of  the  firat  aging  la  20  houre. 

IV;  Same  a*  II,  but  firat  aging  tire  may  be  8  to  10  hour*. 


(b)  F  on  certain  heavy  forging*. 


resulting  mechanical  properties  are  still  being 
accumulated  and  more  data  are  needed  before  op* 
timum  aging  temperatures  can  be  recommended. 

Heat  Treating  Precautions 


(1)  Surface  dirt  such  as  paint,  grease, 
and  oil 

(2)  Oxide  films  and  scales. 

Proper  surface  preparation  is  necessary  to: 


Baring  aging.  Alloy  71$  exhibits  a  linear 
contraction  of  about  0.001  inch  per  inch. 

This  alloy  is  susceptible,  as  are  similar 
nickel-base  alloys,  to  sulfur  embrittlement  and 
attack  by  elements  such  as  lead,  bismuth,  etc. 

For  this  reason,  ali  foreign  material  such  as 
grease,  oils,  paints,  etc.,  must  be  removed  by 
suitable  solvents  prior  to  heat  treatment.  The 
alloy  should  be  supported  on  clean  brick  or  a 
plate  of  beat- res! scant  alloy  to  reduce  comb¬ 
ination.  Natural  gases  or  I ov- sulfur  oils  should 
be  used  for  fuel,  and  slightly  oxidising  atmos¬ 
pheres  are  recommended  to  reduce  sulfur  pickup. 

Kef:  SJ60I.  61308.  66*11 


CLEANING 


Cleaning  is  very  i^ortant  to  the  success¬ 
ful  welding,  coating,  hot  forming,  and  stress 
relieving  of  nickel-base  alloys.  Two  eein  types 
of  surface  contamination  must  be  removed  by  cleaning: 


(1)  Prevent  the  harm  fill  effects  of  sulfur, 
lead,  and  other  element;  that  are  often 
present  in  paint,  oil,  and  other  sur¬ 
face  dirt 

(21  Prevent  the  entrapment  of  oxide  film 
or  scale. 


Among  the  methods  that  are  used  to  cleen  metal  sur¬ 
faces  In  general  prior  to  welding  are  alkaline  or 
solvent  cleaning,  vapor  degreasing,  and  pickling. 


The  degree  of  cleanliness  before,  during, 
and  often  after  welding  can  affect  veld  quality. 
Melding  should  be  performed  as  toon  as  possible 
after  clecning,  since  oxides  begin  to  form  ibedi- 
eteiy  after  exposure  of  cleaned  surfaces  to  open- 
air  atmospheres.  Although  the  oxides  may  be  ex¬ 
tremely  thin  and  invisible,  they  can  reduce  the 
quality  of  weldments  made  by  resistance  welding 
and  solid-state  diffusion  welding. 


The  importance  of  obtaining  a  clean  surface 
prior  to  coati^  cannot  be  overemphar  iivd.  The 
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presence  of  dust,  dirt,  oxides,  oil,  grease, 
fingerprints  or  similar  contaminants  on  the  sur¬ 
face  of  a  part  being  coated  can  result  in  the 
formation  of  a  coating  that  is  discontinuous,  has 
poor  adhesion,  and  exhibits  inferior  properties. 
Specific  cleaning  procedures  for  preparing  the 
surfaces  of  nickel-base  alloys  prior  to  coating 
are  generally  regarded  as  proprietary;  this  is 
particularly  true  in  the  case  of  cleaning  prior 
to  the  application  of  diffusion  coatings.  Among 
the  methods  that  are  used  are  polishing  on  a 
cotton  wheel,  vapor  blasting,  grit  blasting,  and 
pickling. 

Degreasing  can  be  accomplished  by  washing 
in  a  warn  detergent,  rinsing,  and  drying  in  an 
o/en,  or  by  the  use  of  organic  solvents. 

There  is  relatively  little  information  that 
is  available  specifically  on  the  cleaning  of  Alloy 
718.  However,  it  appears  that  many  of  the  cleaning 
methods  used  for  other  nickel-base  alloys  can  be 
applied  to  this  particular  alloy. 

Before  pickling  of  this  alloy  is  attempted, 
it  is  recommended  that  producers  of  Alloy  7i8  and 
producers  of  proprietary  pickling  materials  should 
be  contacted  for  additional  information.  Two  par¬ 
ticularly  knowledgeable  sources  of  information  on 
pickling  are  the  Huntington  Alloy  Products  Division 
of  International  Nickel  Company,  Inc.,  and  the 
Stellite  Division  of  Union  Carbide  Corporation. 


Ref:  64660,  62S47 


COATINGS 


Most  diffusion  coatings  used  in  the  United 
States  for  nickel-base  alloys  are  rich  in  aluminum. 
They  are  used  primarily  to  protect  parts  of  air¬ 
craft,  marine,  and  automotive  gas-turbine  engines 
from  the  degrading  effects  of  the  service  environ¬ 
ment.  There  is  still  much  room  for  improvement  in 
these  coatings,  particularly  in  those  for  engines 
that  will  be  used  near  the  sea.  Under  such  cir¬ 
cumstances,  the  salt  content  of  the  air,  combined 
with  sulfur  from  the  jet  fuel,  causes  a  new,  severe 
type  of  sulfidation  attack. 

Diffusion  coatings  based  on  boron  have 
been  developed  in  the  Soviet  Union  as  a  meant  of 
obtaining  very  hard  cases  on  nickel-bate  alloys. 

Nickel  alloys  generally  are  not  electro¬ 
plated  or  electroless  plated,  both  because  they  are 
not  used  in  applications  in  which  plating  is  re¬ 
quired  and  because  they  often  inherently  possets  the 
corrosion  resistance  or  other  attribute  for  which 
plates  are  applied.  In  the  relatively  few  appli¬ 
cations  where  they  are  electroplated,  care  must  be 
taken  to  first  remove  the  passive  surface  fila  that 
occurs  naturally  on  these  materials. 

Hard  facings  are  not  often  applied  to 
nickel-base  alloys.  However,  examples  are  known 


in  which  hard  facings  have  imparted  to  these  ma¬ 
terials  the  required  resistance  to  steam  erosion, 
erosion-corrosion,  or  wear. 

Surface  treatments  have  been  developed  that 
provide  nickel-base  alloys  with  lubricity  under 
conditions  in  which  oils  and  greases  would  deterior¬ 
ate,  such  as  at  high  temperature  and  high  vacuum. 

Although  there  seems  to  be  little  infor¬ 
mation  available  on  the  specific  application  of 
coatings  to  Alloy  718,  it  appears  that  many  of 
the  treatments  used  with  other  nickel -base  alloys 
could  be  applied  to  this  alloy. 

Coating  treatments  for  nickel-base  alloys 
are  discussed  in  detail  in  Reference  64660. 

Ref:  64660 


JOINING 

The  excellent  weldability  of  Alloy  718 
is  attributed  to  the  relatively  slow  rate  of  pre¬ 
cipitation  of  the  strengthening  phase,  ganna 
prime.  Because  of  this,  little  hardening  occurs 
during  welding. 

The  greater  portion  of  the  fusion  welding 
of  Alloy  718  has  been  done  by  the  gas  tungsten- 
arc  (TIG)  process.  The  gas  metal-arc  (MIG)  and 
electron-beaa  processes  have  been  used,  but  to  a 
lesser  extent.  No  data  have  been  found  for  the 
shielded  metal-arc  or  submerged-arc  processes. 

Weld-cracking  problems  have  been  associated, 
by  soso  users,  with  a  high  solution-annealing  tem¬ 
perature.  It  has  been  reported  that  there  is  • 
close  relationship  between  the  solution-annealing 
temperature  and  the  tendency  to  form  microfissures . 
As  the  solution  annealing  temperature  is  increased, 
the  tendency  to  for*  microfissures  is  increased. 

Ref:  57516,  64912.  66882 

TIG  Welding 

Limited  data  indicate  that  a  weld  efficiency 
of  90  percent  may  be  obtained  in  the  gas  tungsten- 
arc  welding  of  Alloy  7 1  a  plate.  This  value  is 
applicable  over  the  temperature  range  -425  to  1SO0  ► 
for  material  that  is  fullv  heat  treated  after  weld¬ 
ing. 

Weld  efficiency  represent*  the  ratio  of 
tensile  yield  strength  or  tensile  ultimate  strength 
of  the  welchsent  to  that  of  the  parent  metal.  In  a 
United  testing  program,  North  American  dilation. 
Inc.  ,  welded  a  nvsnher  of  irecimen*  f  rrm  one  heat 
of  l/4-i.»ch  Alloy  *1*  plate,  using  Ulo*  *1*  filler 
sctal.  Bo’h  parent -metal  and  a*-»elded  specimens 
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were  then  annealed  (1900  F/l  hour/air  cool)  and 
aged  (1400  F/10  hours  ♦  1200  F/10  hours)  before 
testing.  Multiple  tests  were  run  at  each  of  five 
tmneratures :  -423,  room,  1000,  1200,  and  1S00  F. 
Weld  efficiencies  were  coaputed  at  each  teapar- 
ature  for  specimen*  froa  which  the  reinforceaent 
had  been  renoved.  At  each  teaperature,  the  average 
yield  or  ultiaate  strength  at  the  weldaent  was 
froa  99  to  108  percent  of  the  corresponding  value 
for  the  parent  aetal. 

Investigation  of  the  cheaical  composition 
of  the  test  aaterials  indicated  that  the  parent 
aetal  had  a  auch  lower  aluminum  content  (0.274) 
than  did  the  filler  aetal  (0.50%).  Prior  ex¬ 
perience  at  Rocketdyne  has  indicated  that  heats 
containing  less  than  0.35%  aluainua  do  not  respond 
well  to  the  indicated  heat  treatment.  Thus,  tV.' 
observed  weld  efficiencies  are  probably  higher 
than  should  be  expected,  and  the  investigators 
reco— ended  the  use  of  90  percent  weld  efficiency 
for  design  purposes. 

Ref:  63646,  Betts.  R.  D. ,  "Weld  Efficiencies  of 
Inconel  718  Gas  Tungsten  Arc  Welds  in  the 
-423  to  1500  F  range”.  North  American  Avia¬ 
tion  Report  MPR  5-17S-363  (July  27,  1965). 

Alloy  718  has  been  welded  by  the  TIG 
process  in  thicknesses  ranging  froa  0.020  to  1.5 
inches.  The  use  of  filler  aetals  U  optional. 

Argon  is  the  protective  gas  commonly  used,  but 
heliua  is  preferred  for  deep -penetration  welds. 
Cleaning  of  the  joint  areas  in  preparation  for 
welding  aust  be  complete  if  fully  efficient  joints 
are  required.  Also,  light  interlayer  grinding 
should  be  used  between  passes 

The  alloy  is  similar  to  other  nickel-base 
alloys  in  its  inability  to  flow  readily  when 
aoltea.  Consequently,  in  aost  joints  over  about 
C. 125-inch  thick,  joint  designs  which  contribute 
to  full  joint  penetration  are  necossar/.  During 
a  study  at  the  General  Electric  Company,  in¬ 
vestigators  encountered  considerable  difficulty  in 
obtaining  a  joint  design  in  thich  full -penetration 
welds  could  be  assured.  Several  different  filler 
aetals  and  joint  configurations  were  evaluated, 
it  was  concluded  that  U-groove?  were  best. 

In  the  same  study,  the  investigators  also 
considered  the  effect  of  noth  argon  and  heliua  as 
shielding  gases,  it  was  determined  that  the  choice 
of  shielding  gas  affected  the  results  obtained, 
especially  in  the  thicker  plates.  Consistent 
penetration  and  high  welding  speed*  were  aore 
readily  obtained  when  using  helitat  on  3.25-and 
0  SO- inch  plate.  Porosity  was  also  decreased  by 
using  heliua.  (iywevor,  if  the  weld  is  properly 
made,  its  properties  will  not  be  a'fvcted  by 
the  shielding  gas.  \jptiaun  Tlr-  weld  settings  for 
flate.  when  hclioa  *h:ciding  gas  is  used,  are  pre¬ 
sented  in  Table  i.  ''light  aedi fscat ten*  ts  suit 
local  situations  are  p«-uMc. 
r'V-f r>r-.;n  r»'n  If- "S's  Cf“''  :*f'  *  Finite. 


The  effect  of  different  shielding  atmos¬ 
pheres  was  also  studied  at  McDonnell  Aircraft  Cor¬ 
poration  for  TIG  butt-welds  in  0.045-inch  sheet. 

No  difficulties  were  encountered  with  either  helium 
or  argon  atmospheres.  However,  heliua-shielded 
welds  required  conside rably  less  heat  input  and 
resulted  in  a  cleaner  weld  appearance.  No  other 
effects  were  detected.  Process  settings  used  in 
this  study  are  shown  in  Table  6. 

Several  filler  octal*  have  been  evaluated 
during  weldability  studies  of  Alloy  718.  Reni  41 
and  Alloy  718  filler  aetals  received  the  aost 
attention  beceuse  the  weld  aetal  will  respond  to 
aging  treatments.  The  data  indicate  that  there 
is  little  choice  between  using  Alloy  718  and  Rene 
41  as  the  filler  aetal  for  welds  in  sheer 
Shop  experience  has  shown  that  aore  process  prob¬ 
lems  have  occurred  when  Rene  41  was  used.  Auto¬ 
matic  or  semiautomatic  welding  using  Alloy  718  as 
filler  is  a  preferred  proces.  Where  manual  welding 
is  necessary  on  sheet -aetal  joints,  the  (">cedures 
aust  be  very  carefully  controlled. 

Studies  in  highly  restrained  welds  in  plate 
thicknesses  ranging  froa  0.7*  to  1.50  inches  were 
conducted  by  the  Ikntington  Alley  Products  Division 
of  The  International  Nickel  Company.  When  welding 
with  Rani  41  filler  aetal  within  the  thickness 
range  tested  it  was  concluded  that: 

(1)  Then-  is  no  need  for  weld  stress 
relief  prior  to  aging 

(2)  Heavy  sections  can  be  welded  in  the 
fully  aged  condition  even  under 
restrained  -Midi t ions 

(3)  Welds  in  heavy  sections  can  be  re¬ 
paired  without  aunealing  and  the  re¬ 
pair  welds  aged  wi“hout  difficulty 

(4)  The  stress -rupture  properties  of  welds 
at  1200  and  1350  .  exceed  those  of 
the  base  aetal. 

Freedom  froa  cracking  of  the  weld  was  used  as  the 
criterion  for  the  first  three  conclusions. 

In  their  studies  of  C. 25-  and  0.30-mch- 
thicl  Alloy  Til,  Gefieral  Hectric  reported  on  the 
use  of  Inconel  69.  iias  teller  *.  and  itasfellor  *- 
235  filler  wires.  As  expected.  the  natinun  pro 
pert  let  ir.  heavy  thicknesses  were  obtained  *h~t> 
harden  able  filler  wires  were  used.  This  ;* 
because  the  bulk  of  the  weld  deposit  is  'reposed 
of  filler  eater  iil.  The  results  indicated  tha* 
fUstellev  R-235  filler  wire  produces  good  weld 
tensile  and  rui»\»»re  properties  ir  thick  Ai;rfy  *1$. 
tncooei  *&  filler  wi»y  did  not  give  satisfactory 
results.  Hrstelloy  k  filler  wire  gave  welds  with 
lower  properti-r  .  but  its  welding  c/iariitef  I  *V.c* 
justify  its  use  where  auiw  strength  is  not  a 
requirement 
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Table  S.  Op ti nun  TIG  Weld  Settings  for  Alloy  718  Plate  When  Helium  Shielding  Gas  is 
Used (a) 


Thickness,  in.: 

0.250 

o.soo<c) 

Pass  number 

1 

2 

3 

1 

2 

3 

Current,  amp 

70-7S 

70-75 

80-85 

90-95 

90-95 

100-110 

Arc  voltage (b),  v 

13-15 

13-15 

14-16 

14-16 

14-16 

15-17 

Weld  speed,  in. /min 

l.S-2.0 

1. 5-2.0 

1. 5-2.0 

2.0 

2.0 

2.0 

Filler  wire,  dia. ,  in. 

0.063 

0.094 

0.094 

0.063 

0.094 

9.094 

Wire  feed  rate,  in. /in. 

2 

4 

4 

2 

4 

4 

Torch  gas,  cu  ft/hr 

30 

30 

30 

35 

35 

35 

(a)  Joint  design:  0.1S6  root  radius,  0.04-0. OS  land  single  U-groovc. 

(b)  Voltages  are  averages  owing  to  erratic  nature  when  using  heliua. 

(c)  Five  or  six  passes  are  needed  for  O.S-inch  plate. 


Table  6.  Process  Settings  for  Automatic  TIG 
Welds  in  Alloy  718  Sheet 


Thickness,  in.: 

Shielding  Gas: 

0.045 

Sheet 

Argon 

Helium 

Current,  amp 

80 

40 

Arc  voltage,  v 

8-16 

16-18 

Weld  speed,  in. /min 

8 

6-8 

Filler  wire  dia. ,  in. 

0.030-0.035 

0.030-0.035 

Wire  feed  rate,  in. /min 

12-15 

8-9 

Torch  gas,  cu  ft/hr 

20-24 

20 

Backup  gas,  cu  ft/hr 

4 

4 

The  results  of  a  study  conducted  as  part 
of  the  Supersonic  Transport  Research  Prog ran  on 
TIG. welds  in  0.02S-,  0.0S0-,  and  0.12S-inch  sheet, 
using  no  filler,  indicated  that  Alloy  718  exhibits 
exceptional  welding  characteristics  for  its  alloy 
class.  By  observing  the  noraal  procedures  cm- 
ployed  for  cleaning  and  welding  nickel-base  alloys 
it  was  possible  to  obtain  defect-free  welds  con¬ 
sistently.  Circular  patch  tests  indicated  no  "hot 
short"  problem,  and  simulated  repair  welds  were 
made  without  cracking.  It  was  determined  that  the 
alloy  can  be  welded  in  the  annealed  or  in  the  cold 
rolled  (201)  and  aged  condition.  Bend  tests  were 
conducted  on  the  welded  samplos  and  a  minimum 
bend  radius  of  It  was  obtained  for  the  0.025-inch 
gage  and  4t  for  the  0.125-lnch  gage. 

Hot  cracking  can  be  a  serious  limitation 
to  the  use  of  Alloy  718  filler  wire  for  welding 
highly  restrained  joints  because  of  its  low 
freezing  temperature.  In  this  case,  Rene  41 
filler  wire  is  preferred. 

Ref:  49184,  49649,  53601,  66882 


Electron-Beam  Welding 

Although  it  is  known  that  Alloy  718  has 
been  the  subject  of  electron-bcaa  welding  studies, 
there  are  very  few  data  available.  Rocketdyne 
reports  that  butt  welds  in  parts  up  to  0.875  inch 
thick  can  be  made  with  commercial  equipment  and  by 
welding  from  each  side.  Weld  strengths  equal  to 
that  of  the  duplex-aged  base  metal  are  obtained. 

The  welds  are  more  gas-free  than  the  bese  metal,  and 
shrinkage  is  greatly  reduced  in  comparislon  with 
gas  tungsten-arc  welds.  Shrinkage  in  0. 75-inch 
Alloy  718  was  0.005  inch  when  electron-beam  welded 
and  0.080  inch  when  tungsten-arc  welded. 

Two-pass  welding  procedures  were  required 
for  welding  0.060-inch-thick  Alloy  718  pressure 
vessels  at  Airite  Products  Division  of  EIcctrada 
Corporation.  Single-pass  welds  did  not  give  re¬ 
producible  results.  The  procedure  developed  to 
make  the  two-pass  welds  wat  as  follows: 

Tack  Weld  —  80  kv,  1.5  ma,  0.012  defocused 
beam  at  20  in. /min 

Penetration  Weld  —  110  kv,  6.0  ma,  18  in,/ 

min 

Cover  Weld  --  80  kv,  2.0  ma,  0.100  dvfocused 

beam. 

Butt  welds  were  made  in  0.025-  and  0.125-inch 
Alloy  718  in  the  fully  aged  condition.  A  0.020- 
inch  strip  was  used  on  the  back  side  of  the  joint 
to  improve  the  bead  contour.  Good  reproducibi lity 
ar.d  weldability  were  reported  when  using  3-kw  high- 
voltage  equipment.  Properties  of  the  joints  are 
not  available. 

Electron-beam  welding  should  be 
desirable  for  Alloy  718  pressure  vessels  up  to 
about  0.125-inch  thick.  This  of  course  depends  on 
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the  economics  involved  and  the  fact  that  the 
width  of  the  heat-affected  tone  increases  vith 
the  lower  welding  speeds  needed  for  thicker 
Materials. 

Kef:  53*01.  S4K9S.  S7S1* 

Re*:  i  tense  Melding 

Resistance  welding,  particularly  spot 
and  seen  welding,  have  bacons  increasingly  im¬ 
portant  to  the  fabrication  of  high-perfornance 
vehicles  The  use  ">1  welded  conpoectrts  in  place 
of  rivets  or  other  rechaaical  fasteners  in  these 
vehicles  elisdnates  significant  weight  at  no 
sacrifice  of  strength.  Consequently,  determination 
of  the  resistance  weldability  of  Alloy  711  has 
been  the  subject  of  atch  study. 

By  taking  the  proper  precautions.  Alloy 
711  can  be  resistance  sean  and  spot  welded.  The 
development  of  optUaa  welding  procedures  was 
found  to  be  more  difficult  for  0.02T-.ach  ar¬ 
terial  than  for  0.060-inch  sheet.  Optima  welding 
procedures  for  thin-gage  Material  now  call  for 
welding  schedules  wits  increased  weld  times  at 
lower  current  amplitudes.  The  use  of  very  flat 
elect rod'-tip  radii  idtea  welding  thin  sheet  helps 
to  Maintain  {tv  -to- sheet  contact. 

1»  sur  study,  spjt-weld  diameters  of  0.100 
J-ick  for  0. 020-inch  rheet  and  0.240  inch  for 
0.060- inch  sheet  permitted  spots  as  close  t> 

0.1H  and  0.500  inch,  respectively,  before 
shunting  occurred.  The  minings  edge  distance  were 
0.12$  end  0.2S0  inch,  respectively,  for  these 
welds.  The  results  cf  a  conparison  between  aged- 
elus-weided  specimens  end  welded- plus -aged  sped  - 
nems  indicated  that  the  lap  shear  strength  of 
single  spot-weld  joints  was  lnprored  by  agiag  afiet 
welding.  Mowever.  when  the  aged- pi us -welded  pro¬ 
cedure  was  used,  cross  temsioa  results  were  about 
10  percent  higher.  The  ductility  ratio  (cross 
ten* ion/ lap  shear)  indicated  that  aging  after 
welding  decreased  ductility.  However,  the 
ductility  ratio  did  not  fall  below  30  percent. 

This  is  considered  to  be  adequate  resistance  weld- 
joint  ductility. 

Typical  spot-weld  aachine  settings  are 
given  ia  Table  7. 

*  study  by  radian  aad  label otto  has  shows 
that  a  satisfactory  sean  weld  should  be  at  least 
twice  as  wide  as  the  thickness  of  the  sheet,  here 
at  least  30  percent  penetration  into  each  sheet . 
aad  have  20  to  40  percent  cverlap.  Sean  welding 
parameter*  established  by  the  ttmdy  are  given  ia 
Tania  I.  Those  seam  welded  sanplet  which  were 
aged  after  welding  exhibited  the  best  strength 
properties. 

*ef  44**J.  5>12“.  i'Sln.  3*134.  666*2 


grazing 

The  brazing  of  the  age-herdruxble  nickel - 
haze  alloys  usually  presents  problems  of  technique 
such  as  the  maintenance  of  very  dry  furnace  atmos¬ 
pheres  or  precoating.  The  aluminum  and  titaniun  in 
theta  alloys  causes  difficulty  In  obtaining  proper 
brazing-alloy  wetting.  Columbian  dons  not  oxidize 
to  form  a  seriously  unwettable  surface.  Alloy  7i| 
contains  a  total  of  about  1.4  percent  of  aluminas 
and  titanioa  as  compared  with  about  4.6  percent  for 
Rani  41  aad  3.2  percent  for  Inconel  X-7S0.  Con¬ 
sequently,  it  would  be  expected  that  Alloy  71S 
would  be  much  easier  to  braze  than  an ay  sge- 
hardenable  nickel -base  alloys.  Tests  have  shown 
that  this  is  true.  Irezeability  is  cuaperable  with 
that  of  precipitation-hardening  stainless  steels 
such  as  17-7PH  or  m  1S-7  No. 

Ncfionaell  Aircraft  has  compared  the  wett- 
ab' '  ty  of  Alloy  714  by  three  nickel-base  and  three 
silw«r-hase  filler  metals.  The  specimen  surfaces 
were  prepared  by  alkaline  denting  followed  by 
liquid  honing  before  brazing.  Standard  volumes  of 
bracing  filler  art, •  were  pieced  on  flat  specimens 
aad  brazed  is  a  vacuus  furnace.  The  results  are  (  ) 

tabulated  in  Table  9.  As  expected,  the  nickel- 
haae  filler  metals  appear  moat  suitable  for  Alloy 
Tit.  la  addition  the  limited  strength  of  tilver- 
base  brazing  filler  metals  would  preclude  their 
use  ia  army  Alloy  71*  application. 

As  a  result  of  the  abov-  study,  tests  war*- 
nade  to  determine  the  room-t—pvrmturr  shear 
strength  of  joints  unde  in  Alloy  71t  using  filler 
eetals  O*  32  wad  CM  56  LC.  The  specinms  were 
cleaned  as  la  the  previous  work  and  brazed  in  • 
vacuum  of  I  micron  or  less.  Three  temperatures 
(1950  ,  2000.  and  2050  F)  and  two  brazing  tins 
(3  and  IS  minutes)  were  used  for  each  alio? . 

Although  the  strangest  joint*  were  Obtained 
with  the  1$  aiawte  brazing  cycle.  it  was  concluded 
that  long  cycles  were  detriueetal  free  two  aspects 
serious  intergranular  peuet ratio*  by  the  filler 
artel .  especially  Ot  56  l£.  and  possible  adverse 
thermal  effect  on  the  Alloy  ?|g.  It  has  been  re¬ 
ported  that  b rasing  above  1900  f  my  reduce  the 
ei angst  ion  of  aged  Alloy  *l«  base  wet  *  1  ia  the 
temperature  range  >200-1500  4.  The  NeOcanell  wort 
was  on  unaged  alloy. 


Cold-niche:  end  cooper-gold  br»:.sg  filler 
nrtal*  Have  Veen  mlw!*i  for  febritating  Alley  *14 


A  study  was  conducted  et  Sorts  American 
Aviation  to  drtar  ne  -Aether  any  redaction  in 
heet -treated  mechanical  properties  of  Alley  "I* 
would  occur  owing  to  brazing  et  temperatures  in 
recess  of  optiaon  solution- treating  temperature  - 
The  results  indicate  a  degrade*  ion  of  between  13 
and  20  percent . 
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Tab)*  7.  Typical  Spot-Meld  Machine  Settings  for  Alloy  711  Sheet 


TMckaess,  in.: 

0.029 

0.020 

0.060 

0.060 

Condition: 

As  Rccd. 

As  Reed. 

Aged 

Preheat  heat,  percent 

_  _ . 

• 

-  .  m 

•  •  • 

Preheat  tnpulses 

— 

2 

— 

— 

Preheat  tie*,  cycles 

— 

10 

— 

— 

‘.#a  heat,  percent 

16 

16 

40 

38 

Meld  inpulses 

2 

2 

2 

Meld  tint,  cycles 

4 

10 

8 

8 

Current  decay  heat,  percent 

10 

— 

3S 

IS 

Current  decay  tine,  cycles 

3 

— 

6 

6 

Cool  tine,  cycles 

O.S 

c.s 

l.S 

l.S 

Squeeze  tins,  cycles 

21 

21 

21 

21 

Hold  tine,  cycles 

SO 

SO 

61 

61 

Meld  force,  lb 

660 

7S0 

28SO 

2900 

Forge  delay f*),  cycles 

11-t 

11-1 

O-E 

O-E 

Forge  force,  lb 

1S00 

19S0 

S3P3 

S400 

Electrode  class,  IMM 

III 

III 

HI 

III 

Electrode  dianrter,  in. 

*5/8 

S/6 

5/6 

S/8 

Electrode  radius,  in. 

3 

10 

5 

S 

•-beginning  of  weld;  E-ead  of  weld. 


Table  8.  Typical  Sean- told  ifecMae  Settings 

for  Alloy 

'IS  Shcvl 

TbicAaest .  in.: 

0.020 

0.02P 

0.060 

Condition 

A*  Reed. 

A*  Seed. 

-igj- 

Meld  Wa*.  percent 

43 

4S 

as 

bS 

Held  ispul  e* 

4 

4 

6 

C 

•eld  tine,  cycle* 

3 

s 

4 

4 

Cool  tine,  cycle* 

O.S 

OS 

O.S 

O.S 

Orin 

(a) 

.*! 

f»l 

Cai 

Tip  force,  lb 

•00 

toe 

2906 

29W 

Forge  tine,  cycle* 

3 

s 

s 

• 

di*l  clast. 

HI 

m 

til 

tit 

MLael  tbiebnr**.  in. 

!/; 

1/2 

1  '2 

J'2 

Aeel  mdiw*.  in. 

3 

J 

J 

Eatemal  cooling 

Te* 

Te* 

so 

(a)  Internment 
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Table  9.  Wettability  of  Alloy  718  by  Varlouz  Brazing  Filler  Metala 


Brazing^4* 

Alloy 

Chamber 
Pressure,  , 
ms  Ha  x  10 

Brazing 

Tamp., 

F 

Brazing 

Time, 

min 

Wattad 

Ar*S* 

in.2 

Contact 

Angle, 

deg 

Wettability 

Indent 

CM  50<c? 

5 

1950 

15 

0.185 

21.6 

0.172 

CM  52 

4 

1990 

15 

0.762 

12.8 

0.743 

CM  56LC 

4 

2075 

15 

0.624 

11.6 

0.611 

LB  925<d> 

5 

1660 

10 

0.189 

•  • 

•  • 

LB  BT(*) 

3 

1625 

10 

0.097 

— 

-- 

LB  846 

4 

1750 

10 

0.276 

38.5 

0.215 

CM  50<f) 

5 

1950 

15 

0.236 

25.4 

0.213 

CM  52 

5 

i99C 

i5 

0.414 

27.6 

0.367 

CM  56LC 

4 

2075 

15 

0.542 

17.3 

0.518 

LB  925 

5 

1660 

10 

0.206 

53.5 

0.122 

LB  BT<8) 

3 

1625 

10 

0.096 

115.2 

-0.087 

LB  946 

4 

1750 

10 

0.246 

53.5 

0.146 

(a)  CM  *  Coast  Metala;  LB  ■  H  &  H  Lithobraze. 

(b)  Area  tinea  cosine  wetting  angle;  index  >0.6  indicates  excellent  wetting, 
<0.1  pooi  watting. 

(c)  Wintered,  not  fused. 

(d)  Ir-omplete  fusion. 

(e)  Fused,  no  wetting. 

(f)  Sintered,  not  tused. 

(g)  Vary  little  wetting. 

honeycomb  structures.  The  gold-base  alloys  wet 
the  base  metal  well  in  a  vacuum  of  less  than  1 
micron;  the  copper-base  alloys  did  not.  In  this 
study  crevice  corrosion  tests  were  made  in  a 
salt  spray  and  aerated  water.  No  evidence  of 
corrosion  was  found  after  100  hours. 

The  gold-base  filler  metal  containing 
chromium  appeared  to  be  strongar  in  both  lap- 
shear  tests  and  edgewise  compression  tests  of 
honeycomb  structures.  The  strength  advantage, 
however,  aay  be  lost  because  of  greater  degrada¬ 
tion  of  the  base  metal  caused  by  the  higher  brazing 
temperature  required. 

Alloy  718  can  be  brazed  with  relative 
ease  if  the  proper  procedures,  approximating  those 
i or  other  aluminum/titanium-contairing  super- 
alloys,  are  used.  Specimens  of  the  base  metal 
should  accompany  brazed  specimens  throughout  the 
brazing  and  subsequent  heat-treatment  cycles  to 
determine  the  effect  of  these  operations  on  the 
mechanical  properties  of  the  base-metal. 

Ref:  S0206,  54076,  SS0S0,  S7S16 


Adhesive  Bonding 

Nlc.cl-ba>e  alloys  t.an  be  adhesive  bonded 
successfully  using  presently  available  techniques 
end  adhesive.).  Relatively  little  work  has  been 
done  on  adhesive  bond  ng  of  these  alloys,  however. 
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Decause  nickel -base  alloys  generally  are  used  at 
temperatures  above  the  present  maximum  service 
temperatures  of  organic  adhesives  or  under  corrosive 
conditions.  Inorganic  adhesive  of  sufficient  duc¬ 
tility  and  low  enough  maturing  temperatures  have 
not  as  yet  bean  developed  tc  compete  with  brazing 
and  welding  techniques  for  joining  parts  for  high- 
temperature  structures.  As  the  maximum  service 
temperatures  of  nrw  organic  adhesives  continue  to 
increase,  production  applications  of  adhesive  bond¬ 
ing  .o  nickel-base  alloys  may  become  more  attractive. 

Ref.  62549  is  recommended  as  an  excellent 
summary  of  the  state-of-the-art  of  adhesive  bonding 
of  nickel-base  alloys. 

Ref:  62S49 

SURFACE  FINISHING 

Mechanicat  suvface  treatments  such  as 
burnishing,  explosive  hardening,  peening  and 
planishing  are  not  used,  to  any  great  extent  for 
nickel-base  ali^vs.  When  used,  they  serve  a 
variety  at  functions  including  improving  surface 
finish,  increasing  fatigue  strength  and  surface 
hvrdne*s,  and  reducing  the  occurrence  of  weld 
cracking.  Improvements  ir,  mechanical  properties 
arise  largely  as  a  result  of  the  residual  com¬ 
pressive  stress  established  in  the  surface  of  the 
metal  by  tne  treatments. 


Ban  Madrid: 

hand-  “  ‘2 
book 


Although  there  seems  to  be  little  infor¬ 
mation  available  on  the  specific  application  of 
mechanical  surface  treatments  tc  Alloy  718,  it 
appears  that  many  of  these  treatments  could  be 
applied  to  this  alloy. 

Mechanical  surface  treatments  of  nickel- 
base  alloys  are  discussed  in  detail  in  reference 
64660. 

Ref:  64660 
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III.  APPLICATION  FACTORS 


Bast  Material:  uCk»i 


in-i 


USES 

The  following  applications  for  Alloy  718 
have  been  identified  in  the  literature: 

Application 

Reference 

Cryogenic- temperature  applications : 
Diaphragms  in  vent  and  relief  valves 
Inner  shell  of  LOX  tankage  for  both 
Gemini  and  LEM 

64409 

64773 

Elevated-temperature  applications: 

M-l  turbine  sianifold 

M-l  fuel  pump  rotor 

Titan  IIA  chamber  tube 

61919 

S8539 

59644 

Cryogenic  and  elevated-temperature 
applications: 

Pressure  vessels 

Point  drive  fasteners 

Saturn  V  hardware  (bellows  and  gimbal 

58137 

65780 

64912 

structures) 


Alloy  71S  is  also  undergoing  tests  as  a  candidate 
material  for: 

SST  wing  and  fuselage  skins  S7147 

Ring  flanges,  seals,  and  U,  l,  T  66396 

shapes  for  jet  engines 
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IV.  MECHANICAL  PROPERTIES 
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Fatigue  Properties 
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Alloy  718  has  been  proposed  for  inclusion  in  MIL-HDBK-5, 
"Metallic  Materials  and  Elements  for  Aerospace  Vehicle  Structures".  The 
following  table  and  four  figures  were  contained  in  an  attachment  to  the 
agenda  for  the  34th  Meeting  (October  1967),  which  will  be  considered  for 
approval  at  the  35th  Meeting  (April  1568). 


Tentative  Design  Mechanical  and  Physical  Properties 
of  Alloy  718 


Specification  . 

AMS 

5383 

AMS 

5589 

AMS 

5590 

5596, 

5597 

5662,  5663 

5664 

Form  . 

Castings 

|  Seamless  tubing 

Shee  t , 
plate 

Bars,  forgings 

Condition  . 

Solution 

-treated 

6  aged  per  indicated  specification 

Thickness  or 

diameter,  in.  .. 

0.  D. 
wall 

>  0.125 
r  0.015 

-- 

-- 

Basis  . 

S'* 

S 

s 

S 

S 

*Ftu,  ksi 

L  . 

125 

185 

170 

.  - 

185c 

T  . 

-- 

-- 

180* 

180 

F  ty»  ksi 

L  . 

110 

150 

145 

-- 

150c 

T  . 

-- 

-- 

ISO3 

150 

e,  per  cent: 

L  . 

5 

12 

15 

.  - 

T  . 

.  ..... 

15ab 

iod 

E ,  10b  psi  . 

a),  lb/in.^ 

29. 

0. 

.6° 

.297 

a  Test  direction  longitudinal  for  widths  •  9  tn. 
b  Thickness  >  0.025  inch. 

c  AMS  5662  and  5663  only.  For  AMS  5664  use  1  SO/ 1 50/ i C  for  bars,  180/150/12 
for  forgings. 

d  12  percent  for  AMS  S664  forgings 
e  Dynamic  modu 1 us . 

•  Symbols  are  defined  in  the  Appendix. 

Sec  Appendix  for  basis  of  design  properties. 
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iTumtu 

o<* 

Or* 

7f*T 

r 

1000  091  1000  091 

1049  091 

Cf  NT 

CCNT 

MO 

t* 

199.0 

1*9.1 

21.* 

1209 

127.2 

1*1.3 

14.0 

4CCC9M0N  ***** 
LOT  moMI  40 

07**9 
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▼f  9T 

9 

1*00  Of|  I***  091 

10*0  091 
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0.01  PC 
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tsl.l 

17.0 
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Fatigue  data  for  Alloy  718  sheet  at  room 
and  heat  Treated  as  per  AMS  5596a. 

teaperature  and 

stress  ratio,  A  ■  0.67 

Ref:  65927 
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S-N  DIAGRAM  *0*  ALU™  7;.B  SHEET  AT  ROOM  TEMPERATURE  WITH  STRESS  Ratio,  A  -  0.67 
(unr.otchcd  sod  edge-notched) 
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Fatigue  data  for  Alloy  718  sheet^)  at  room  temperature  and  stress  rati.) 

A  -  0.33  aid  heat  treated  as  follows: 

Solution  treated  1600  F  (1/2  hr)  A.C. 
Aged  1323  F  (16  hr)  A.C. 
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S-N  k/IAGRAM  FOR  ALLOY  n8  SHEET  AT  ROOf!  TEMPERATURE  WITH  STRESS  RATIO,  A-  0.33 
(notched  and  unnotched) 
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Fatigue  data  for  Alloy  718  sheet  at  1000  F  and  streaa  ratio,  A  ■  0.25  and  heat 
treated  as  per  AMS  5596a. 

Ref:  65927 
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Fatigue  data  for  Alloy  718  aheet  at  1000  F  and  itreaa  ratio  A  -  0 
(•trees  rupture)  and  heat  treated  aa  per  AMS  5596  A. 

Ref:  65927 
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Fatigue  date  for  Alloy  718  sheet  at  1200  F  and  stress  ratio,  A  ■  ~  and  heat 
treated  as  per  AMT  5596A. 

Ref:  65977 


Stress 

Maximal 

Concentration, 

Test 

Stress 

Cycles  to 

*t 

Direction 

(ksl) 

Fa i lure 

23,250,000 

233,000 

130,000 


«01d  Not  Fail 


lonqitudnof 

Tfon«v*r*t 


Alloy  718  sheet 
UTS»l5Sk':  ot  I2O0F 
TYS«  l34ksi  at  I200F 
I200F 

f 1  360C  cpr.t 
Air  Atmosphere 
Specimens  ecge-ocl  shed 
before  hecMredting 

Aiflt  Altai  Load 


Unno::hcd 


Edge  notch,  nO  022’ 


■JO 


M  «  Mq b  Allay  7H 


p.  14  of  » 


Fatigue  data  for  Alloy  718  sheet  at  1300  F 
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Fatigue  data  for  Alloy  716  aha'  at  1400  F  add  atraai  ratio,  A  *  •  and  haat 
treatad  aa  par  *,IS  5396A. 

Ref:  65927 
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fatlttu  4at*  for  Alloy  718  sheat  at  1400  F  aad  atraaa  ratio.  A  •  1.5  and  haat 
traatad  aa  par  AMS  5596a. 
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Fatigue  data  for  Alloy  718  ahaet  at  1400  F  and  atraaa  ratio,  A  ■  0.67  and 
heat  treated  aa  per  AKS  5596A. 
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fatlgua  data  (or  Alloy  718  ahaat  at  1400  t  and  atroaa  ratio,  A  -  0.2)  and 
boat  traatad  i»  ear  AKS  5596A. 
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1004  Oil 

1000  Ell 

1000  ESI 

CENT 

CENT 

nl» 

TO 

144.) 

144.2 

13.4 

20.2 

T 

TO 

ITT.) 

142. • 

U.O 

2T.1 

T 

?• 

1T1.T 

U1.4 

11.4 

24.1 

T 

TO 

IT0.S 

14|.0 

14.0 

30.4 

T 

ACCnilON  HU**fn  STS** 
lot  NuMC*  2 


i*OM.7I*E  TENSILE 


YIELD 

ST4CN4TN 

tensile 

CLO^i 

4. A. 

TEm« 

0,02 

PC 

4.2 

PC 

1TTCNH 

PC* 

Tl» 

t 

100® 

Ml 

Woo 

1000  Ml 

CENT 

CENT 

Tfl 

U4 

s 

2M.4 

15.0 

24.4 

7/j 

144 

T 

2 1 2*2 

It.) 

71.4 

TO 

1  TO 

« 

204.) 

12.4 

U.S 

1  20'T 

13) 

T 

1SS.) 

11.0 

15.4 

1200 

151 

4 

1  r)  *• 

20.0 

)?.} 

woo 

WOO 

1 44 

1*5 

7 

,7 

1  T? .  1 
|T|  .5 

If  .4 
ll.o 

21  .■ 
10. 1 

ACCESSION  NUM0C* 

4TS44 

lot  NWI*  t 

S**C«T-T!NE  TENSILE 

MOTT»mi 

TIELO  ST4EN0TM 

TENSILE 

ELOnj 

■  .A. 

TEm* 

4.0!  PC  0.2  PC 

STMN4TH 

«• 

Tt« 

TEST 

f 

too#  Ml  1009  ESI 

1000  ESI 

CENT 

CENT 

Ol» 

TO 

ITa.S 

202.0 

14.) 

32.2 

TO 

IT). 4 

19?. 4 

19.0 

74.4 

ACCflllON  NU«*f*  ITS*! 
LOT  NOME*  • 


ACCESS  I O**  nuM€«  MS4* 
LOT  «VMC«  1 


**qM-TJ*C  tensile  *«0*E»MC1 


Tl 

ItlO 

ST»tN4TH 

TL-rSlLt 

CL0*O 

T,l, 

Tj.*# 

0.02 

EC 

0.1 

TC 

STMN4TM 

PfP 

PfP 

f 

1000 

441 

uoo 

Tit 

1004  ESI 

CE**r 

CENT 

TO 

!•) 

,T 

707.2 

20.* 

40.1 

79 

142 

,4 

744.5 

U.O 

)4«> 

TO 

.7 

704.S 

l*.4 

31.2 

Ttt 

U* 

.3 

205.4 

14.7 

10*0 

Woo 

WOO 

ut 

.1 

U0.7 

147.5 

;*•* 

15.2 

25. 0 
74.4 

test 

1U 


SHHUMINC  TENllLf  MOMMIES 


TIELO  STMMTN 


Mw0 

#.#»  »r 

0.7  Pi 

r 

in#  »*I 

UOO  El 

TO 

147,3 

T9 

l»T.) 

70 

144.4 

TO 

IS4.0 

TO 

ISO, 4 

1209 

174,7 

WOO 

111.) 

WOO 

174.7 

1244 

120. T 

1200 

127.) 

TfNSlLC 

El  ON* 

4, A. 

STNfNSTH 

PfP 

M* 

TEST 

UOO  ESI 

CENT 

CENT 

DU 

1T2.J 

U.O 

14. i 

T 

174.4 

10.0 

21.4 

T 

1TS.0 

12.0 

M.) 

T 

1*0.4 

w.o 

20.2 

T 

l  T4.I 

i.\o 

14.5 

T 

|4|.4 

#1.0 

U.O 

T 

144.) 

13.0 

fl.l 

T 

Ul, T 

10.0 

25.5 

T 

140,4 

w.o 

24.* 

T 

1*3.5 

ww 

l).l 

T 

UCtSSION  «WNK*  *TM* 
LOT  nu*»M4  a 


ACCESS  t  ON  NOME*  m*4 
LOT  NuMCft  ♦ 


»*0«T-Tl*t  U«V’L«  E40M4UES 


i*om-vinc  Tfusa'  mommies 


TSCIU 

STOCN4TN 

Tfr.SlLE 

ILON4 

».». 

▼  IClP 

STMN1TH 

TENSILE 

ELDN4 

4.  A. 

T  (m# 

4.02  PC 

0.^  EC 

STMMTh 

PfP 

EC* 

TEST 

TI*t 

0.02  TC 

0.2  PC 

JUCnOTm 

PfP 

Tit 

TEST 

¥ 

1940  M 1 

1500  ESI 

io:o  esi 

CENT 

CENT 

"I* 

9 

IOC?  Til 

1000  ESI 

UOO  MI 

CENT 

CENT 

nl» 

TO 

1TO.T 

u*,o 

U.O 

20.1 

T 

TO 

144.7 

144.4 

12.0 

ji  * 

T 

7® 

ITO.) 

142.4 

IT. 9 

74.) 

T 

TO 

14T.T 

U4.2 

13.0 

f\.4 

T 

to 

1*2.0 

14S.4 

14,0 

31.2 

T 

TO 

144,: 

|ll#« 

13.0 

?♦.* 

i 

79 

144.5 

1  *4.1 

1).? 

73.5 

T 

TO 

Itl.l 

144,2 

IS,® 

75.3 

T 

T# 

IT#. 7 

U«W 

IT,# 

70. 1 

f 

f* 

Iff.) 

U4.* 

12.0 

two 

T 

Ttf 

1*4.2 

UT.t 

13.0 

24.1 

T 

TO 

144.3 

144.* 

13.0 

75.) 

T 

irli-nrin  Infof  rnriDon  Contcn  •  BottoHs  Mf^moritJ  Institute  •  Columbuo,  Ohio  ^3201 


*cctf*!d*  NUMBER 

07*02 

LOT  NUM6E*  20 

SNORT-TINE  TENSILE  PROPERTIES 

TIEL0 

STRENOTN 

tensile 

El** 

R.A. 

T|mp 

0.02  PC 

0.2  PC 

STPf n*Tm 

•C* 

PER 

TE9T 

f 

1000  Pfl 

1000  psi 

1000  PSI 

CENT 

CENT 

DIP 

70 

l*S.O 

1*9.9 

in.o 

23.0 

1*.0 

7? 

117.0 

lto.l 

101.0 

21.4 

37.0 

n 

I**.0 

1*1.0 

!**.« 

22.0 

17.0 

70 

MS.O 

1*0.1 

i*i.  r 

23.0 

34.0 

70 

MS.O 

1*0.0 

its  s 

22.0 

34.0 

70 

1*1,0 

1*2.0 

l**.0 

22.0 

*0,0 

US* 

110.0 

17*. 9 

J90.9 

21.0 

*0.0 

11*0 

120.0 

1*7.0 

199.2 

21.0 

19.0 

1*08 

10*.  9 

12*. 0 

197.0 

10.  c 

>9.0 

1209 

les.o 

111.0 

1?0,9 

10.0 

3S.0 

Ut  o 

111.0 

iJf.l 

IS*.* 

22.o 

39.0 

1200 

107,0 

&13.S 

1*0.0 

21.0 

*4.0 

1714 

10*.  s 

120.0 

192.2 

21.0 

31.0 

1791 

M2.2 

MO.  9 

193.2 

21.0 

32,0 

Dll 

*v.s 

II*. 1 

1*1.0 

15.0 

*2.0 

MOO 

107.1 

122.0 

1*1.1 

21.0 

3k.fi 

ACCESSION  NUMBER 

*?4u2 

LOT  NUMBER  21 

SHO.T-TIW  Tt,J!i.r 

PR«>PL*TIES 

TUlO  STiKI—Th 

TENSILE 

EL  ON* 

R.A. 

TINP 

*.»»  »r  »,3  »C 

STPENOTH 

PCR 

PEP 

TEST 

E 

mi  m  i.«(  m 

1000  PS! 

CENT 

CENT 

r»l» 

70 

»*3,« 

200.0 

22.9 

*2.3 

TO 

IM.I 

202.9 

22.0 

*2.3 

140* 

13..3 

!▼*.• 

20.0 

*9.2 

10f# 

137*0 

IT*.# 

21.0 

**.9 

1100 

131.0 

171.0 

19,0 

**•9 

1100 

131.3 

172.9 

17.9 

*2.2 

mo 

130.0 

1*0.0 

19.5 

39.9 

1190 

130.3 

•71,0 

10.9 

17.0 

1200 

133.1 

1*9.0 

1*.« 

21.9 

ktoo 

133.1 

1*1.9 

M.O 

22.0 

ACCESSION  NUWCP 

•7*1* 

lot  number  to 

SmORT-TINC  TENSILE 

PROPERTIES 

TJCwO  STRRNtTN 

TENSILE 

EL  On* 

R.A. 

TfpP 

O.to  PC  0v2  PC 

STBCNOTM 

PCR 

PER 

TEST 

p 

10*0  osl  .}*0I  Ml 

IPOO  PSI 

CENT 

CENT 

nl* 

T* 

i*9.o  i*s. e 

201.0 

11,4 

17.* 

L 

1290 

tt*.t  M3.0 

I**.0 

22.* 

>*.7 

L 

ACCESSION  NUMBER 

*7*1* 

lot 

•OjMBER  7* 

SmCRT-TIRE  TEmeSIlE  PM**t*T|ES 

•  ill#  H.M  » 

TENSILE 

CL0NB 

•  .A. 

TfPR 

Ml  H  M  H 

ITREnSTm 

pfp 

PfP 

TEST 

f 

l«M  Mi  <*H  Ml 

1040  PSI 

^|NT 

CENT 

nl* 

T# 

1*3. •  |7*.| 

109.* 

1*.* 

30.0 

L 

I  too 

113.1  134.1 

!%«•* 

17.9 

*0.1 

L 

ACCCOttOM  NPMI 

♦  7*|* 

iOT  *»««Bf R  *0 

mmf+un  ft«Bur 

PROPfPT  ?C9 

HUO 

fTOCMSTN 

tVMiat 

I  LON* 

R.A. 

TfNP 

•  *?  Pf 

*.t  PC 

PTOEmOTh 

PfP 

pfp 

*T9T 

f 

10*0  p*| 

loot  PSI 

10*0  PSI 

CfNt 

•  IP 

»E 

{H,l 

197. » 

i«M 

2*.  T 

*2  ? 

L 

Tt 

m.t 

UI.O 

MM 

21. « 

•♦.* 

L 

»* 

l«».o 

;**.* 

EtO.9 

29 ,  • 

2* .  t 

L 

Iffr* 

ll*»2 

IP*.* 

|99.* 

JT.A 

21*  * 

V 

ACCESSION  NUMBER  *7*1* 
LOT  NUMRfR  rfl 


SHOAT-TIWC  TENSILE  PROPERTIES 


tieio 

STPENOTH 

TENSILE 

CLON* 

R.A. 

TEmP 

4,02  Pf 

0.2  PC 

STRCNOTH 

PCR 

PER 

TF9T 

E 

1090  PSI 

1000  PST 

IfiflO  PSI 

CENT 

cent 

HIR 

70 

129.0 

19*.  0 

1*1.9 

29.9 

i*.i 

L 

l;oo 

119.0 

137.0 

197.0 

2*.2 

24.0 

L 

1200 

100.0 

125.0 

19*. 9 

10.3 

/T.* 

L 

ACCESS 3 ON  NUNBCR  *741* 

LOT  number  §? 


»mC«T-TINC  TENSILE  properties 


YIELD 

STRCN4TN 

tensile 

CION* 

R.A. 

TCHP 

0.02  PC 

0.2  PC 

STAINS* n 

PER 

PER 

TEST 

F 

1000  PS! 

loco  PSI 

1000  PSI 

CENT 

CENT 

nl* 

70 

1*7. 0 

19S.4 

2fi«.0 

10.9 

♦0.9 

L 

1200 

132.0 

1*0.7 

172.0 

is.: 

3*. 5 

L 

ACCESSION  NUNBCR  *7*1* 
LOT  NilMftC*  •  * 


SKfi*T-TINE  TENSILE  PROPERTIES 


TIELO 

STRENSTM 

TFNSILC 

ELOnA 

R.A. 

TCnp 

0.02  PC 

0.2  PC 

STRENGTH 

PER 

PER 

TEST 

F 

1000  PSI 

1000  Pfl 

1000  P51 

CENT 

CENT 

MR 

TO 

1*9.0 

175.0 

2"0.S 

20.1 

35.fi 

L 

1200 

uo.o 

1*9. S 

171.9 

23.3 

32.5 

ACCESSION  NUMBER  *7*1* 
lot  NUMBER  •* 


SMOAT-T1NL  TENSILE  **OPC*TICS 


YIELD  STRENOTN 

ttnsilc 

fLON* 

P.A. 

T|MP 

0.92  PC 

f.Z  PC 

3TPEN0TN 

PEP 

P(R 

TEST 

r 

1000  PSI 

tOOO  psi 

1000  *SI 

CENT 

CENT 

MR 

TO 

14*.  0 

1**.S 

207.fi 

13.9 

33.fi 

L 

1200 

117.3 

153.0 

1*2.0 

15. i 

25.0 

L 

ACCESSION  NUMBER  *1*1* 
LOT  •«>«*€»  n* 


S**0*T-T1NE  TENSILE  PROPERTIES 


YlftO  strcnstm 

tensile 

IL^N* 

P.A. 

TEMP 

0.02  PC 

0.2  PC 

stpcnstn 

PE* 

PfP 

TEST 

F 

Ifififi  PSI 

Ififi*  psi 

ieoe  psi 

CENT 

CENT 

fit* 

74 

1*1.0 

‘74,2 

1*2*9 

1*.T 

2*. 4 

L 

1244 

Its. 4 

l**.fi 

1*2.4 

19.7 

*1.0 

L 

ACCESSION  NUMBER  *7*1* 
LOT  nu*BC*  It 


*NOR7*V|Pf  TENSILE  MMHiTtM 


YttLO 

ITPfNRTN 

TEotar 

110*4 

R.A. 

*!■* 

*•01  PC 

0.2  PC 

STPf NSTh 

1« 

PC* 

TEST 

f 

1004  Pfl 

10*0  PSI 

14*4  P9| 

CENT 

CENT 

fif* 

74 

1*4.1 

174.1 

2*1.4 

9.* 

*.3 

T 

11 

tft«.R 

1*9.4 

212.9 

It. 3 

3*.  I 

\ 

124* 

1*9.9 

144.4 

1*7.4 

14.9 

1*.* 

f 

:  :m 

IS*.* 

1*4.3 

:*».* 

l*.* 

>2.* 

L 
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AttCStlf*  NUMBER  47414 

LOT  NUMBER  *7 


SMORT-TIMfc  TENS!lE  PROPERTIES 


YIELD 

STpfNiTH 

TENSILE 

ELONB 

R.A, 

Umm 

*.02  PC 

0.2  PC 

STRENGTH 

PER 

PER 

TEST 

P 

1000  PS! 

1000  PS'* 

1000  ESI 

CENT 

CENT 

MR 

79 

•54,0 

177.0 

1*8.0 

20.1 

32.0 

L 

ACCESSION  NUMBER  67*1* 
LOT  NUMBER  100 


SHORT -TIME  TENSILE  PROPERTIES 


YIELD 

TENSILE 

clono 

R.A. 

TEMP 

0.02  PC 

0.2  PC 

STRENGTH 

PER 

PER 

TEST 

E 

1000  PS1 

1000  PSI 

1000  PSI 

CENT 

CENT 

MR 

70 

139.5 

169.5 

19B.0 

25.4 

23.9 

L 

70 

1*5.0 

172.0 

197.9 

25.7 

23.0 

L 

70 

1*0.0 

lH.y 

194.0 

24.4 

24.1 

L 

ACCESSION  NUMBER  6741* 
LOT  PUMBER  46 

SHORT-TINE  TENSlL?  PROPERTIES 


YIELD 

STRENGTH 

TENSILE 

EL0N9 

R.A. 

0.02  PC 

0.2  PC 

strength 

PER 

PER 

TEST 

1000  RSI 

1000  PS! 

1099  MSI 

CENT 

CENT 

MR 

1*7,5 

183.5 

22)  .0 

16.9 

34.7 

L 

125.3 

I48.fi 

179.0 

21.* 

36.8 

L 

ACCESSION  NUMBER  4741* 
LOT  NUMBER  101 


SHORT-TIME  TENSILE  PROPERTIES 


YIELD 

strength 

TENSILE 

ELONB 

R.A. 

TEMP 

0.02  PC 

Or  2  PC 

strength 

PER 

PER 

TEST 

F 

1000  PSI 

1000  PSI 

1000  PSI 

CENT 

CENT 

MR 

70 

136.5 

163.5 

188. S 

7.6 

9.3 

T 

ACCESSION  NUMBER  4741* 

LOT  '«u*«tCR  B* 

SHORT-TIME  TENSILE  PROPERTIES 


TEMP 

YIELD 

STRENGTH 

TENSILE 

ELOng 

R.A. 

9.02  P* 

0.2  PC 

STRENGTH 

PER 

PER 

p 

1000  PSI 

1000  PSI 

1900  PSZ 

CENT 

CENT 

70 

1*8.3 

178.0 

7)2.5 

14.1 

35.1 

1200 

131.9 

1*9,5 

174.5 

20.5 

32.9 

ACCESSION  NUMBER  4741* 

LOT  HUNGER  90 

SmORT-TIME  tensile  properties 


ACCESSION  NUMBER  4741* 
LOT  NUMBER  102 


SHORT-TIME  TENSILE  PROPERTIES 


YIELD 

strength 

tensile 

ECONO 

R.A. 

temp 

0.02  PC 

0.2  PC 

STRENGTH 

PER 

PER 

F 

1000  PSI 

1000  PSI 

1000  PSI 

CENT 

CENT 

7" 

129. S 

140.5 

194.0 

27.5 

30.0 

70 

129.3 

143.0 

201.9 

25.4 

24.0 

70 

137.5 

145,5 

194.0 

16.9 

23.2 

70 

US. 5 

147.0 

195.9 

16.0 

24.0 

ACCESSION  NUMBER  C*74J* 
LOT  NUMBER  1*3 


TEST 

MR 


L 

L 

T 

T 


HELD 

STRENGTH 

TENSILE 

ELONB 

R.A. 

TENP 

0.02  Pf 

0.2  »C 

strength 

PER 

PER 

Tf  ST 

P 

1000  P«! 

iooa  psi 

1900  PS! 

CENT 

CtNT 

MR 

73 

139,4 

16R.9 

208.4 

23.7 

29.1 

L 

1*66 

194, § 

126.3 

169.0 

19,7 

23.5 

L 

ACCESS I Of.  NUMBER  47414 

LOT  NUMBER  91 


SHORT-TIME  TENSILE  PROPERTIES 


YIELD 

STRENGTH 

TENSILE 

ELONS 

R.A. 

TfHP 

0.02  PC 

0.2  PC 

strength 

PER 

PER 

TEST 

r 

1000  PSI 

1000  PS i 

1000  PSI 

CENT 

CENT 

MR 

70 

123.2 

1*9.5 

191.5 

9.8 

9.5 

T 

fO 

118. S 

1*9.0 

187.0 

8.2 

11.8 

t 

->o 

*39.5 

148.0 

195.0 

IT.  * 

32.? 

l 

SHCRT-TlHf  TENSlL? 

PROPERTIES 

ACCESSION  NUMBER 

4741* 

YIELD 

STRENGTH 

TENSILE 

elong 

R.A. 

LOT  KuNBSP  104 

TEMP 

9.02  PC 

0.2  PC 

strength 

pet 

PC* 

TEST 

P 

1000  PSI 

*coo  psi 

1000  P$1 

CUT 

CCNT 

n*R 

SHORT-TINE  TENS!Lr 

PROPERTIES 

TO 

157.  S 

188.0 

208. S 

22.4 

32.0 

L 

YIELO 

STPENBTH 

TENSILE 

ELONB 

R.A. 

1100 

145. 5 

ISS.1 

iSf.8 

22.4 

30*7 

L 

TEMP 

0.&2  PC 

0.2  PC 

STRENGTH 

PER 

PER 

TEST 

P 

1000  PS2 

1000  PSI 

1000  PSI 

CENT 

CENT 

MR 

70 

149.0 

1TS.0 

147. S 

12.7 

*.9 

L 

70 

1*9.9 

174,9 

194.S 

B.t 

11.6 

L 

ACCESSION  HUHBCP 

4741 4 

LOT  NUMBER  as 

S-CRT-Tl*  TENSILE 

PROPERTIES 

ACCESSION  NUMBER 

4741* 

YHIO 

STRENGTH 

TENSILE 

CL  ON* 

R.A. 

LOT  NUMBER  10B 

TOP 

4.02  PC 

8.9  PC 

STRENGTH 

PER 

PER 

TfST 

9 

100  PS! 

1020  PSI 

1808  R%: 

cent 

CENT 

M* 

short -time  tensile 

PROPERTIES 

7* 

143,8 

177, S 

147.1 

n.* 

1S.S 

T 

»mo 

STRENGTH 

TENSILE 

ICON# 

R.A. 

70 

144.% 

149.1 

192.1 

10.8 

11.* 

T 

TgMP 

0.02  PC 

9.2  PC 

STRENGTH 

PER 

PER 

TEST 

79 

1*4.* 

144.S 

154*5 

15.2 

IB.) 

T 

P 

1090  PSI 

looo  pbi 

I960  PSI 

CENT 

CENT 

MR 

lift 

1*3. S 

1SC.S 

142.5 

10.4 

19.4 

T 

IIM 

124.fi 

137. S 

1*2.4 

U.a 

IS. 3 

T 

'"w 

1*3. S 

1  u 

189. | 

1*.) 

M.4 

T 

UA9 

124. S 

l3l  .2 

1*3.5 

20.5 

14, t 

T 

YO 

Iti.e 

144.* 

U.9 

22.ft 

Y 

70 

U9. o 

14*  0 

194.9 

11*4 

*4.# 

L 

7* 

IJT.* 

171,0 

191. $ 

l».l 

10*4 

T 

TO 

138.9 

1TI.S 

197.0 

-4.1 

44.6 

L 

70 

1*7.9 

17|.9 

19S.| 

24.* 

4«*2 

T 
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ACCESSION  NUMBER  *7*14 
LOT  NUMBER  10ft 


SHORT-TIME  TENSILE  PROPERTIES 


TICLO 

strenbth 

TENSILE 

elonu 

R.A. 

TEMP 

0.02  PC 

0.2  PC 

STRENBTh 

PER 

PER 

TEST 

E 

1000  PSI 

1000  PSI 

1000  PSI 

CENT 

CENT 

nlR 

70 

120.0 

14S.3 

1*0.5 

19,5 

?5.4 

T 

TO 

122*5 

144,0 

177.3 

20.0 

21.0 

T 

70 

139.1 

171,9 

196.5 

13.6 

17.0 

T 

70 

140. * 

170,5 

194*0 

16.6 

20.4 

T 

ACCESSION  NUMBER  •7414 
LOT  NUMBER  113 


SnORT-TlMf  TENSILE  PROPERTIES 


TICLO 

STRENBTH 

TENSILE 

EL0N6 

R.A. 

TEMP 

o,02  Pr 

0.2  PC 

STRENBTh 

PER 

PER 

TEST 

E 

iooo  PS I 

1000  PSt 

1000  PSI 

CENT 

CENT 

MR 

To 

134.4 

160.0 

1*6.5 

23.0 

40.0 

L 

Accession  NUMBER  67614 
LOT  NUMBER  107 


short-tire  tensile  properties 


TICLO 

STRENBTH 

TeNSiLe 

ELONfl 

R.A. 

TEMP 

o.oe  r- 

0.2  PC 

STRfNOTM 

PER 

PER 

TEST 

E 

1000  PSI 

1000  PSI 

1000  PSI 

CENT 

CENT 

MR 

70 

141.5 

174.5 

196.0 

12.9 

10.9 

T 

70 

141.5 

174. S 

196.0 

12.9 

13.2 

T 

70 

119.0 

171.5 

198.0 

19.1 

16.6 

T 

TO 

131.5 

171.0 

198.0 

14.2 

18.5 

T 

70 

130.0 

169.5 

200.5 

16.1 

23.4 

T 

70 

145,5 

177.6 

200.0 

7.9 

10.1 

T 

70 

137.0 

160. 0 

197.5 

6.1 

•  .2 

T 

ACCESSION  NUMBER  67614 
lot  NUMBER  lQP 

short-txmc  TENSILE  properties 


YIELD 

STRENBTH 

TEMP 

0.02  PC 

0.2  PC 

E 

IOOO  PSI 

1000  PSI 

70 

136. 5 

163.5 

70 

136. S 

160.5 

70 

131.  S 

161,5 

70 

136.5 

163.5 

70 

143.0 

174.0 

70 

144.0 

175.5 

70 

144.5 

177.5 

70 

135.5 

175.5 

TENSILE 

ELONO 

R.A. 

STRENBTH 

PER 

PER 

TEST 

1000  PSI 

CENT 

CENT 

MR 

165.5 

23.6 

32.5 

T 

183.5 

16.4 

33.* 

T 

164.0 

16.6 

28.0 

T 

164.0 

15.0 

24.6 

T 

192.5 

7.6 

13.0 

T 

197.0 

12.2 

15.1 

T 

147.5 

13.7 

16.7 

T 

195.0 

14.6 

16.6 

T 

ACCESSION  NUMBER  67614 
LOT  NUMBER  104 


ACCESSION  NUMBER  674S7 
LOT  NUMBER  6 


SHORT-TIME  TENSILE  PROPERTIES 


YIELD 

STRENBTH 

TENSILE 

CL0N6 

R.A. 

TEST 

0.U2  PC 

0.2  PC 

STRENBTH 

PER 

PER 

1000  PSI 

1000  PSI 

1000  PSI 

CENT 

CENT 

MR 

155. 0 

173.0 

206. 0 

20.9 

*2.0 

L 

134.0 

152.0 

170.0 

1 6.4 

32.3 

L 

ACCESSION  NUMBER  67697 
LOT  number  lft 


SNORT-TIME  TENSILE  PROPERTIES 


YIELD 

STRENBTH 

TENSILE 

ELONO 

R.A, 

TEMP 

0.02  PC 

0.2  PC 

STRENBTh 

PER 

PER 

TEST 

E 

1000  PSI 

1000  PSI 

iooo  PSI 

CENT 

CENT 

OIR 

77 

155.0 

179.0 

P12.0 

21.2 

40.6 

L 

1200 

135.0 

153.0 

174.0 

17.5 

35.6 

L 

ACCESSION  NUMBER  67697 
LOT  NUMBER  U 


SHORT-TIME  TENSILE  PROPERTIES 


YIClO 

STPENBTH 

TCHP 

0.02  PC 

0.2  PC 

E 

1000  PSI 

1000  PSI 

77 

151.0 

177.0 

1200 

134.0 

154.0 

TENSILE 

ELONB 

R.A. 

STRENBTh 

PER 

PER 

TEST 

1000  PST 

CENT 

CENT 

Ol« 

209.0 

10.2 

33.3 

L 

175. 0 

*5.7 

34.9 

L 

SHORT-TIME  TENSILE  PROPERTIES 


YIELD 

STRENBTH 

TENSILE 

C10N6 

R.A. 

0.62  PC 

0.2  PC 

STRENBTH 

PER 

PER 

test 

1000  PSI 

iooo  PSI 

1000  PSI 

CENT 

CENT 

MB 

143.5 

166.5 

1R9.5 

13.0 

13.0 

T 

ACCESSION  NUMBER  67614 
LOT  NUMBER  110 


SHORT-TIME  TENSILE  PROPERTIES 


YICLO 

STRENBTH 

TEN* ILC 

CL0N4 

R.A. 

TEMP 

0.02  PC 

0.2  PC 

STREN6TH 

PER 

PE» 

E 

1000  PSI 

1060  PSI 

1000  PSt 

CENT 

CENT 

TO 

146. S 

1TS.S 

146.9 

16.6 

21.0 

?o 

14?.0 

174.0 

1970 

U.6 

21,3 

70 

1*6. S 

170.5 

1M.S 

11.2 

14.9 

TO 

1*7.0 

lTf.l 

146.6 

1*0 

17.0 

73 

1*6.0 

176.0 

146. 0 

u.t 

16*4 

TEST 

"IB 


T 

T 

T 

T 

T 
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Tensile  properties  at  cryogenic,  room,  and  elevated  temperatures 
for  Alloy  718  bars,  forgings,  and  billets. 


Reference 

No. 

Heat  Treatment 

50031 

1 

‘•Aged" 

63742 

1 

8  hr/1325  F, 

8  hr/1150  F 

63743 

1 

45  min/ 1950  F,  10  hr/1400  P,  10  hr/1200 

67595 

11 

1  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67595 

12 

1  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67596 

1 

1  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67596 

2 

1  hr/1750  F, 

8  hr/ 1325  F, 

10  hr/ 1150  F 

67596 

3 

1  hr/ 1800  F, 

8  hi-/ 1325  F, 

8  hr/ 1150  F 

67596 

4 

1  hr/1950  F, 

10  hr/ 1400  F, 

10  hr/ 1200  F 

67596 

5 

1  hr/ 1950  F, 

10  hr/ 1400  F, 

10  hr/ 1200  F 

67596 

6 

1  hr/1950  F, 

10  hr/ 1400  F, 

10  hr/1200  F 

67596 

7 

1  hr/ 1950  F, 

10  hr/1400  F, 

10  hr/ 1200  F 

67596 

8 

1  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67596 

9 

1  hr/ 1950  F, 

10  hr/ 1400  F, 

10  hr/1200  F 

67602 

20 

1  hr/1750  F, 

8  hr/1325  F, 

8  hr/ 1150  F 

67602 

21 

1  hr/ 1750  F, 

3  hr/1325  F 

67614 

78 

1  hr/ 1700  F, 

8  hr/1325  F, 

18  hr/ 1150  F 

67614 

79 

l  hr/1700  F, 

8  hr/1325  F, 

18  hr/1150  F 

67614 

80 

1  hr/1700  P, 

8  hr/ 1325  F, 

18  hr/ 1150  F 

67614 

81 

1  hr/ 1700  F, 

8  hr/ 1325  F, 

18  hr/1150  F 

67614 

82 

1  hr/ 1700  F, 

8  hr/1325  F, 

18  hr/1150  F 

67614 

83 

1  hr/ 1700  F, 

8  hr/1325  F. 

18  hr/1150  F 

67614 

84 

1  hr/1750  F, 

8  hr/1325  F, 

18  hr/ 1150  F 

67614 

85 

1  hr/1750  F, 

8  hr/1325  F, 

18  hr/ 1150  F 

67614 

86 

1  hr/1750  F, 

8  hr/1325  F, 

18  hr/ 1150  F 

67614 

87 

1  hr/1750  F, 

8  hr/1325  F, 

18  hr/ 1150  F 

67614 

88 

1  hr/ 1750  F, 

8  hr/1325  F, 

18  hr/1150  F 

67614 

89 

1  hr/1750  F, 

8  hr/1325  F, 

18  hr/1150  F 

67614 

90 

1  hr/ 1750  F, 

8  hr/1325  F, 

18  hr/1150  F 

67614 

91 

1  hr/1750  F, 

8  hr/1325  F, 

18  hr/1150  F 

67614 

99 

1  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67614 

100 

2  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67614 

101 

2  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67614 

102 

2  hr/ 1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67614 

103 

2  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

67614 

104 

2  hr/1750  F, 

8  hr/1325  F, 

10  hr/1150  F 

6761<» 

105 

2  hr/1750  F. 

8  hr/1325  F. 

10  hr/1150  F 

67614 

106 

2  hr/1950  F, 

10  hr/1400  F 

10  hr/ 1200  F 

67614 

107 

2  hr/1950  F, 

1C  hr/ 1400  F 

10  hr/1200  F 

67614 

108 

2  hr/ 1950  F, 

10  hr/ 1400  F 

10  hr/1200  F 

67614 

109 

2  hr/1930  F, 

10  hr/1400  F 

10  hr/1200  V 

67614 

110 

2  hr/1950  F, 

10  hr/ 1400  F 

10  hr/1200  F 

67614 

111 

2  hr/1930  F, 

10  hr/ 1400  F 

10  hr/ 1200  F 

67614 

112 

2  hr/1950  F, 

10  hr/1400  F 

10  hr/ 1200  F 

67614 

113 

1  hr/1800  r, 

8  hr/1325  F, 

18  hr/1150  F 

67657 

9 

1  hr/1730  F, 

8  hr/1329  F, 

8  hr/1150  F 

67657 

10 

l  hr/1750  F, 

8  hr/1325  F, 

8  hr/1150  F 

67637 

11 

l  hr/1750  F, 

8  hr/1325  F, 

8  hir/l  150  F 
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Impact  pnftrtUi  of  Alloy  fit  it  cryoeaatc  taoporatoree.  1'tb  illl 
uwiM  and  h*<!  trMUf  iptclaiti  wn  tea ted,  Speclaeoa  oere  oect'.-ad  to 
tin  diaaoaloos  ibon  la  flgoraa  fro*  itMditd  to.  5  uytr  ylu.  1U  cobataodard 
ilu  «u  oacaaaary  dot  to  tha  30  ft-lb  capacity  of  tha  taatlap  oachlae. 

Scot  traataent  utl Iliad  vaa:  aped  at  1325  P  for  7  bout,  faraaca 
cooled  at  20  7  par  hoar  to  1150  P,  cod  air  coo ltd  oat  of  faraaca. 


Taft  Taaparatora 
K 


lop  act  burly  la  ft-lba. 
Alloy  718  Alley  71a 

Aaaaalad  Heat  Treated 


nr| .  1 


nmc  iioi’ 


tOTCM  *A3(U*  0.010  ±  0.001 
«CtC«  »|8TN  00U* 
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'y*  ”/  '  ******  ■'' 

rg'^f^lk  ■  ;£*%  "  "#^>‘e'; 


HUM  nucfl 

eM*  “*r»*  ’ 

fiat  •» 


JL  ’■46  ■ 


%” _ ^ 


DatoccM  (It  ■  1.0)  rotate  ay  bwltn  f*el|M  data  at  rota  MHman  far  aelatloa 
crMtW  ud  i|td  Alley  710  bar,  I  •  -1  (a  •  •)  beet  treated  aa  (ell owe: 

Salat loe  created  17 JO  7(1  br.)  A.C. 
Afed  1325  F(«  br.)  r.C. 

Aged  USO  f<lO  br.)  A.C. 

tot:  A 


Lew  Cycle** 

fttfb  Cycle#** 

Street 

Strata 

tb»A) 

Cycle# 

(btl) 

Cycle# 

Maarbe 

100.0 

121,000 

railed 

94.0 

293,000 

failed 

03.0 

10,143.000 

la#  eat 

90.0 

1,193.000 

railed 

S7.3 

2.004,000 

railed 

04.0 

10,023,000 

railed 

07.0 

11,071,000 

Baa  oat 

103.0 

49,000 

railed 

100.0 

12,000 

05.0 

3,320,000 

railed 

100.0 

4,000 

03.0 

930.000 

Failed 

90.0 

45.000 

05.0 

1,447,000 

Failed 

90.0 

11,250 

03.0 

10.040.000 

Bae  eat 

90.0 

25.174 

03.0 

3.334.000 

Failed 

100.0 

1.500 

03.0 

4,432.000 

railed 

100.0 

1,500 

03.0 

940  000 

railed 

100.0 

730 

02.0 

10.027,000 

Bae  eat 

110.0 

204 

02.0 

2,970.000 

railed 

105.0 

437 

02.0 

11,071,000 

Baa  oet 

110.0 

144 

02.0 

27,001,000 

Baa  eat 

105.0 

013 

02.0 

24.3U.000 

Baa  oat 

95.0 

3.250 

02.0 

10,022.000 

Baa  oat 

95.0 

43,000 

02.0 

3,903,000 

railed 

105.0 

013 

02.0 

1.274,000 

railed 

ts.o 

50,000 

02.0 

934,000 

Failed 

•  Te*C*d  at  100  eye  at  led  lea  (ed  ecreee  level  te  led  l  cat  ed  taker  e(  cycle* 
(oil toed  by  ceeeeet leeal  bl|k  cycle  tetclao  t*  107  cycle*  er  lailer*. 

•*  Tatted  at  10,000  eye,  Heal  Me.  5331 


(3f»f (>nc q  Mttafi  ?~*fo '  mnton  •  BsttoSfl  N/Irvr'rx  lr>«strtx/t*S  *  C  Ot~»0  <13201 


Cfflt*  «a  nltan 

- r-*  ((,  a  It)  pall -rail  taw  enW  tat  laaa  m  (V~»)  at  *a«*lr 

Altar  )U  Nffl  «•  at  faaa  <  aa>«i  tiara  aat  IVM  f  »•»(»•!) 


M««»b  IrrftymgtJOn  Ctntar 


Marnot-ww  Jostrta/t«  •  Cofcjmtx/*.  0*0  ^3e?01 


tooo  ret  tuoa  scaxi 


Stress-Rapture  Time 


See  Heat  Treatment  Conditions  on  Page  IV-68 
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Creep  and  rupture  properties  at  elevated  temperatures  for  Alloy  718 
bars,  forgings,  and  billets. 

Lot 


Reference 

No. 

Heat  Treatment 

67596 

2 

1 

hr/ 1750 

F, 

8 

hr/1325 

F. 

10  hr/115C  F 

67596 

3 

1 

hr/ 1800 

F, 

8 

hr/ 1325 

F, 

8  hr/1150  F 

67602 

20 

1 

hr/1750 

F, 

3 

hr/1325 

F, 

8  hr/1150  F 

67602 

21 

1 

hr/1750 

F, 

8 

hr/ 1325 

F 

67614 

78 

1 

hr/ 1700 

F, 

8 

hr/1325 

F, 

18  hr/ 1150  F 

67614 

79 

1 

hr/ 1700 

F, 

8 

hr/ 1325 

F. 

18  hr/1150  F 

67614 

30 

1 

hr/ 1700 

F, 

8 

hr/ 1325 

F, 

18  hr/1150  F 

67614 

81 

1 

hr/ 1700 

F, 

8 

hr/ 1325 

F, 

18  hr/ 1150  F 

67614 

82 

1 

hr/1750 

F, 

8 

hr/ 1325 

F, 

18  hr/1150  F 

67614 

83 

1 

hr/1750 

F, 

8 

hr/ 1325 

F, 

18  hr/1150  F 

67614 

84 

1 

hr/ 17 50 

F, 

8 

hr/1325 

F, 

18  hr/ 1150  F 

67614 

85 

1 

hr/ 1750 

F. 

8 

hr/1325 

F. 

18  hr/1150  F 

67614 

88 

1 

hr/1750 

F, 

8 

hr/ 1325 

F, 

18  hr/ 1150  F 

67614 

89 

1 

hr/1750 

F. 

8 

hr/1325 

*  » 

18  hr/ 1150  F 

67614 

90 

1 

hr/1750 

*7 
*  > 

8 

hr/1325 

F, 

18  hr/1150  F 

67614 

91 

1 

hr/ 1750 

F. 

8 

hr/ 1325 

F, 

18  hr/1150  F 

67614 

99 

1 

hr/ 1750 

F. 

8 

hr/1325 

F. 

10  hr/ 1150  F 

67614 

113 

1 

hr/ 1800 

F. 

10  hr/ 1400  F, 

,  10  hr/ 1200  1 

67657 

9 

1 

hr/ 1750 

F. 

8 

hr/ 1325 

F, 

8  hr/1150  F 

67657 

10 

1 

hr/1750 

F, 

8 

hr/1325 

F, 

8  hr/1150  F 

67657 

11 

1 

hr/ 1750 

F, 

8 

hr/ 1325 

F, 

8  hr/1150  F 

G 
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.2%  Yield  Strength 


See  Page  IV-71  For  Heat  Treatment  Conditions 
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MOO  F/2IK/A.C. 
029  F/91 R/f.C.  to 
1190  F/9to./A.C. 


Teromuc.  f 


Tensile  Strength 


BHBSB 


Twownee.  r 


.2%  Yield  Strength 

See  Pege  IV-71  For  Heat  Treatment  Conditions 


Defense  Metals  Information  Center  •  Bettelle  Memorial  Institute  •  Columbus.  Obio  43201 


Ate* wim  imi« 


•CCCtttfft  MM 

ktt  «m*c*  n 


mu 


Up* 

* 

?A 

M 

T® 


MftUTtMC  tf»rtn.r  ppo*cptic* 


*-*•*•»!*  rVMtlk*  PPPPfPMff 


*ItLO  fTCfMPTK 

••Cl  PC  l.t  PC 

!•••  Ml  ilM  m 


Tl.l 

•9.4 


ffwtitf 

(LOM 

4.4. 

TfM 

0 

«T4t*:,T* 

TfMIkf 

(VN 

ftftfwtT* 

Pf» 

M* 

TftT 

4.S?  PC 

•  •9  P( 

PCI 

IM«  Ptt 

CfPlT 

CfPT 

*91P 

f 

IMS  MS 

UM  PS! 

IMP  PfI 

et«r 

Ilf. 2 

9S.4 

n 

I91*t 

144.9 

14.4 

iti.t  u.t  u.$ 

IM.4  14. •  >Wf 


•ctcttio*  «mi*  mu 

k«v  HUM**  H 


*t*f 


icccntOA  mu 

kOT  <M"«»  9 


|*4ftt*TSMt  TfPftflkf  WKtm$ 


TIClO  stpcmt** 

TfHSlL? 

(LPkP 

P.4. 

TCMP 

4.49  PC 

1.8  PC 

STPCMTh 

PfP 

PIP 

TIM 

r 

lifi  MI 

1144  PfI 

IMP  Pt| 

C14T 

tf«*T 

rtjn 

Tt 

*4.4 

•1*9 

n.t 

M.-; 

Tf 

44. t 

•1.4 

it.p 

94.  T 

Tl 

4l.l 

49.1 

U.P 

U  3 

MMT-f  J"C  TftttkP  PMMTIfl 


▼ici?  srpfftm 

TtMitr 

TIM 

••4. 

1.49  PC  1.9  PC 

PTPfHT* 

Pf» 

PC* 

TC4T 

im  mi  im<  pft 

IMC  Ml 

a*t 

t*PT 

PIP 

IIP..! 

1*1.4 

14.9 

94.4 

ACCXUIM  mjm CP  4Tp|) 

LOT  *i»4t«  IP 

SMM-MH  TWUf  NOPftrid 


Attest  mmi 

LPT  m^PCh  j 
****»-Tl"t  TfMStLf  PPCPCPHCf 


TlCkO 

STPCMTw 

TYKSIkC 

ILM 

•.4. 

tf4» 

4. U  PC 

4.9  PC 

ST«CMT« 

Pf4 

PfP 

Tf  ST 

m*i. 

9 

1444  Ml 

1M4  M| 

1 1>4  Ml 

€t*f 

PIP 

r% 

IM.) 

!*4.l 

If  .4 

»».* 

T(M» 

9 


TICkO  STCf MpTw 
•  .«  9f  *»2  PC 

!•••  Ml  !•••  PS! 


TtMU*  CL  om  4.4. 

sr wtmt*  pc*  pfi  resr 

psi  Cf*T  et«t  m« 


TP 

T« 

TP 

IMP 

m« 

tIM 
IlM 
IIP* 
1119 
I  AM 
IMP 
IM» 


•9.1 

tlf.t 

94.4 

9).  4 

•4.4 

1)9.9 

1).« 

99.) 

•4.4 

1JT.9 

11.4 

14.4 

?4.4 

114.4 

ri.t 

)•*• 

TS.4 

IM.9 

liM 

14.  f 

Ti.f 

1*4.4 

II. • 

33.9 

T*.| 

44.4 

IT.4 

33*9 

TT.4 

1«).« 

1T.1 

31.4 

M*P 

IP*.! 

D.P 

31.4 

44.1 

•4.4 

14. • 

14.7 

*%• 

)».4 

19. f 

33. • 

4.  .% 

n.9 

U.4 

9*  *S 

ACCfMtP*  MU!  44*11 

L«t  NUM*(*  | 

S-0»T*P!«1  IfMHP  PPOPCPf Iff 


TfliO  STpCMf* 


U<P 

4.4  i 

♦e 

4.9 

f 

IHI 

Ml 

1  *44  Hi 

l«.t 

•Ml 

tM.ft 

.)M 

199. 5 

•N« 

Hi.; 

•m 

iff.) 

*M* 

143.3 

*11* 

14**9 

•• 

1*4.4 

ftp 

m.j 

•4 

•4.9 

ft* 

It*.* 

TMSlkf 

tPPCMT* 

CkM 

4.4. 

PfP 

♦!»* 

*1*4  HI 

<!»* 

<1AT 

IM.9 

1.4 

k 

IS*.# 

4.4 

19.3 

L 

1*4.1 

L 

4  •  * 

l. 

I4>.» 

4.4 

1 

1)4.4 

».P 

l 

SH*4 

4.4 

L 

193.S 

•  • 

L 

II). 9 

4.4 

3 

L 

114.1 

ll.l 

• 

K 

IM  .4 

T.4 

*■• 

L 

•tMSMM  «H|) 

l«f  *AM|A  k 

»»MU*  IPWP'IM 


AttfStlM  WMCI  IHI) 

kPT  VMM  H 


•-••T-T1PC  TtMAtL*  PwOPfMUS 


U«P 

* 

*  If  LO 
4.49  PC 
1444  HI 

STPfMT** 

4.4  PC 
IMP  HI 

TMIIU 
|T«CMT- 
!•••  Ml 

CkOPP 

PfP 

a»t 

4.4. 

•fP 

Cf%? 

♦ft* 

PI4 

etc 

44.f 

•4.4 

4*.  T 

IIT.9 

IH.1 

194.4 

41.) 

14.9 

91.1 

34.3 

M.J 

ACCftt  IP*  NJHC4 
LP*  MMI  94 

•  )4B) 

MST-MH  t«MlLf 

PPMfP'tf* 

MM 

9 

MHO 

4.44  PC 
1444  HI 

ITKMta 

4.9  PC 
14M  Ml 

P9%tlk« 
*T4CM*» 
|4«4  HI 

(VM 

PfP 

«« 

•fP 

(in 

Tf»» 

*!• 

n 

144.4 

11.4 

13.4 

u  t*  ■<»  • * 

*•  *i*~*  .* 

'*>■ . 

«... 

laUilSM 

Jfe. 

a*i  iri>53!ii 

ik;t 

W  >M< 

•  Ml* 

:  t 

oi:t 

» 

:  v«  ;*«:  t.  i  u  > :  t 

»  *•  t 

*M-y 

l  :  »»:.  r.  i  t.  :*w  t 

■,*  ».  ;>.:i  f 

r*t> 

1mm.  :  t»  ■  mc 

t  :  v.  '.«m  t 

«  )•  :  > :  •  r 

«  • «  ;  > 

M 

(•  :  >;  i  f 

r.  »*  ,»81  t 

t't  n 

wp  *.m,  -  v.  .«:« 

t  ;  ..  ; kh  f 

*  «;> 

,  r.:. 

t  .  .  -  ,  t 

iTPftSfT* 

TV3M 

4. •. 

.4  • »  :  r 

T|«* 

P.M  « 

4.)  Pt 

tr«r*4t. 

•f# 

At* 

*r»» 

4  «  : 

c».t;  ?_  :  ..  .  »cj 

# 

1144  P4I 

1444  HI 

JP*P  Ml 

«»' 

•14 

"4  -  •  r 

191.4 

1AT.4 

IM 

o* 


Oefonse  iVtctais  lnfor*mf»t<cr»  Cf?n»  «*r  •  Bn;  •„»>  >  Mr»r^n- r»  l»v 


t,«'  •  r  *< t 


rn-’n 


*oom- temperature  compression  date  for  ons  bast  of  case  Alloy  718 
are  presented  below. 


Condition 

0.21  Offset 
Compressive 

Ilald  Strength,  kai 

Compressive 

Ultimate  Strength,  kal* 

*c 

uLui 

Solution 

Treated 

350 

Not  detected 

6.3 

Solution 

Treated 

413 

3800 

5.8 

Aged 

840 

3660 

6.4 

Aged 

871 

3210 

6.8 

Heat  65-306 


Solution  Treated:  1800  F/2  hrs/Air  Cool 
Aged:  1325  F/8  hrs/Purnace  Cool  to  1150  F-hold  8  hrs-Alr  Cool  v 


* Based  upon  load  at  failure  and  original  cross  sectional  aree. 
All  failures  were  ductile  shear  type. 


Bef:  63618 
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Cryogenic,  room,  end  elevated  temperature  c harpy  Impact  data  for 
one  heat  of  Alloy  718  era  presented  below: 


Beat  65*506 


Aged: 


Test 

Condition  Tam.. _ F 

lapact  Str< 
ft- lb 

Aged 

-40 

10.0 

Aged 

-40 

13.2 

Aged 

•40 

12.6 

Aged 

-40 

11.2 

Aged 

R.T. 

12.7 

Aged 

i.T. 

13.7 

Aged 

R.T. 

15.7 

Aged 

R.T. 

13.6 

Aged 

1200 

18.6 

Aged 

1200 

16.8 

Aged 

1200 

19.8 

Aged 

1200 

18.5 

td:  1800  F/2  hr*, 

A.C. 

1325  F/8  hr*. 

Furnace 

cooled  to  1150 

for  8  hr* . ,  A, 

.C. 

Ref-  6)618 


Defaose  Mete»s  Information  Ce^tw**  •  BwtteGe  Memqne  ln.it/Ujte  •  CoKjrntx,*.  O>»o  <33?(D 


Cryogenic,  rooa,  end  «lmud  fferatw  fracture -toughness  date 
for  one  beat  of  caat  Alloy  718  are  praaantad  below.  Charpy  iapact  teat 
apeciaeae  were  p re -cracked  in  bending  fatigue  to  an  average  depth  of  0.2 
inches  at  the  root  of  the  notch  following  heat  treatment: 


Condition 

Teat 

Taw..  P 

Energy  to 
Practure, 
ft  -  lb 

c. 

.to:lb/to2  - 

Aged 

-60 

6.6 

733 

Aged 

-40 

6.5 

666 

Aged 

-40 

6.8 

752 

Aged 

-40 

6.5 

709 

Aged 

t.T. 

8.0 

840 

Aped 

8.T. 

7.8 

828 

Aged 

t.T. 

5.7 

640 

Aged 

R.T. 

5.8 

595 

Aged 

1200 

10.7 

1182 

Aged 

1200 

12.7 

1268 

Aged 

1200 

9.3 

1046 

Aged 

1200 

10.6 

1173 

Heat  65-506 

Solution  Treated:  1800  P/2  hra/A.C. 

Aged:  132}  P/8  hrs/furnace  cooled  to  1150  P  —  held  for 

8  hra/A.C. 


tef:  63618 


Def»TfM»  •  Baited  NA»»rrx)^f»  •  Co  rn{xj«.  O'  O  U3?Q1 


tef:  63618 


Ihantl  fatigue  data  for  om  hut  of  coat  Alloy  718  are  presented 

btlov. 


CgadUApa 

CkIi  -  r 

Cycles 

to 

Failure 

Beating 

Coop resalve 

Strtn,  Mil 

Cooling 
Tensile 
Strut*  ti 

Aged 

300-1400 

* 

920 

762 

Aged 

300-1400 

771 

788 

920 

Aged 

300-1400 

387 

866 

893 

Aged 

300-1200 

* 

599 

827 

Aged 

300-1200 

• 

1100 

368 

*  TaaC  dlacontinuad  after  1000  cycles  without  failure. 

Beet  65-506 

Solution  treated:  1800  F/2  hra/A.C. 

Aped:  1325  F/8  hrs/Furnace  cooled  to  1150  F  —  held  for 

Q  8  hrs/A.C. 


Hearing  tine  0.5  admites;  cooling  tine,  2.5  ainutes. 


ACCESS TOM  NUN6CR  6*610 

LOT  NU*6fR  3 


ORIOtNAL  CREEP  AMO  RUPTURE  04TA 


STRESS 

DURA¬ 

*TN  RATE 

total 

RUPTURE 

HARD 

TChR. 

1000 

TION 

RER  CENT 

CREEP 

EL 

RA 

AT  TER 

r 

RSI 

HOURS 

Rrft  HOUR 

RER  CENT 

RER 

CENT 

TEST 

1200 

66.0 

6T.6R 

•  0018 

4*6 

4.0 

1360 

T2.S 

9.3R 

•  10S 

4.0 

3.2 

1100 

60*0 

109. ft* 

.01 

7*9 

6*3 

ACCESSION  nUh8£R  6*616 
LOT  NU**RER  * 


OAXSlNAt  CRfER  AND  RUPTURE  DATA 


STRESS 

TEhR.  1000 

W  RSI 

dura¬ 

tion 

H03RS 

MIN  RATE 
PER  CENT 
RrR  HOUR 

TOTAL  RUPTURE 

CREER  EL  RA 

RER  CENT  PER  CENT 

HARO 

AFTER 

TEST 

1300  72. S 

9  .OR 

.054 

1.0  3.2 

Fjrf«r*oc* 

Ut 

Up- 

HcaC  TvcatMoC 

63618 

3 

2  hr/ 1800 

r,  8  hr/1325  F,  8  hr/1150 

F 

13618 

4 

2  hr? 1900 

F,  8  hr/1325  F.  8  hr/1150 

F 

t\Ar-  ’  -o  ~  :^*c yr~rr-oto^<  •  Bat,  tnfctst^szc  •  Cov/ts>js.  O»o  <33 PO 
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Oatmeal  Composition 
References 
Lis!  of  Syattoh 
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Constant -L iit  Oit^raos  (feti 
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Specification* 


A*  was  Indicated  In  the  sections  covering  the  metallography  and  heat 
treatment  cf  Alloy  718,  *>oth  the  composition  and  the  heat  treatment  of  chls 
alloy  tend  to  differ  according  to  the  Intended  application.  It  Is  for  this 
reason  that  the  applicable  specifications  can  usually  be  Identified  as 
pertaining  to  creep-rupture  or  short-time  ar plications.  The  "creep-rupture" 
specifications  are  usually  preferred  for  jct-englne  applications,  while  the 
"short-time"  specifications  cover  material  for  pressure  vessels  and  for 
applications  involving  relatively  short  exposures  at  elevated  temperatures. 

Alloy  718  Is  covered  by  eight  Aerospace  Material  Specifications, 
which  arc  listed  below.  In  addition.  It  Is  covered  by  a  number  of  proprietary 
spcclflcat'  ms,  some  of  which  are  included  in  the  table  of  chemical  co.  positions 
on  the  fo  .owing  page. 


Aerospace  Material  Specifications  for  Alloy  718 


Specification 

Type  of  Product 

Application 

AMS  5383 

Investment  Castings 

Crccp-rupture 

AMS  5589 

Tubing 

Creep-rupture 

AMS  5590 

Tu.  irtg 

Short-time 

AMS  5596 

Sheet,  Strip,  Plate 

Creep-rupture 

AMS  5597 

Sheet,  Strip,  Plate 

Short- time 

AMS  5662,  5663 

Bars,  forgings 

Creep-rupture 

AMS  5664 

Bars,  forgings 

Short- t imv 
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Specifications 


( 


CHEMICAL  COMPOS ITIOM  OP  ALLOY  718  ACCORDING  TO  VARIOUS  SPECIFICATIONS 


Amount  Specified!*) ,  percent 


Specitlcaticn 

Identification  Company  Cb  4-  Ta 

T1 

Al 

B 

SI  Ml 

C  (max)  (max) 

S 

(mx) 

Cu 

(MX) 

AMS  5S96A 

SAE  5.00-5,5 0 

0.65-1  15 

0.40-0.80 

0.002-0.006 

0.03-0.10 

0.35 

0.35 

0.015 

0  10 

AMS  5597 

SAE  4.75-5.50 

0.65-1.15 

0.20-0.80 

0.006  max 

0.08  max 

0.35 

0.35 

0.015 

0.10 

AMS  5663 

SAE  4.75-5.50 

0.65-1.15 

0.20-0.80 

0.006  m 

0,08  mx 

0.35 

0.35 

0.015 

0.10 

AMS  5664 

SAE  4.75-5.50 

0.65-1.15 

0.20-0.80 

0.006  max 

0.08  max 

0.35 

0.35 

0.015 

0.10 

ACC-44152 

Aerojet -Genera  14 .75-5.5 

0.65-1.40 

0.10-0.80 

0.001-0.010 

0.10  max 

0.45 

0.45 

0.015 

0.30 

EMS  580F 

AlReaearch  4.75-5.50 

Manufacturing 

Company 

0.7-1. 4 

0.2-0. 7 

0.006  max 

0.08  max 

0.45 

0.40 

0.015 

0.30 

EMS  581D 

AlReaearch  4.75-5.50 

Manufacturing 

Company 

0.7-1. 4 

0. 2-0.8 

0.006  mar 

0.08  mx 

0.45 

0.40 

0.015 

0.30 

B50T69-S6 

Canard  Elac-  4.75-5.50 
trie  Coa^any, 

Large  Jet 

Engine  Department 

0.70-1.40 

5.20-0.80 

0.002-0.010 

0. 10  MX 

0.45 

0.35 

0.03 

0.75 

C50T79(Sl) 

General  Elac-  3-00-5.50 
trie  Company, 

Large  Jet 

Engine  DepartMnt 

0.6S-1.1S 

0.40-0.80 

0.002-0.010 

0.10  MX 

0.40 

0.35 

0.03 

RB0170-101 

North  American  5.00-5.50 
Avlaelon- 
Rocketdyne 

0.85-1.15 

040-0.70 

0.006  max 

0.06  mx 

0.35 

0.35 

0.015 

0.30 

RB0170-038"E' 

'North  Aamrican  4.75-5.50 
Avtatlon- 
Rocketdyne 

0.70-1.40 

0.20-0.80 

0.006 

0.10  MX 

0.45 

0.40 

0.015 

0.30 

HOI  70-039 

North  AaMrlcan  4. 75-5. 50 
Avlatton- 
Rocketdyne 

0.65-1.15 

0.35-0.85 

0.006  max 

0.03-0.10 

0.45 

0.40 

0.015 

0  15 

PUA  1009-C 

PTatt  and  5  00-5.50 

Uhltney 

Aircraft 

0.65-1.15 

0.40-0.80 

0.006  max 

0.03-0.10 

0.35 

0.35 

0.015 

0.10 

9-222(A) 

Solar  4.75-5.50 

0.70-1.2 

9.20-0.80 

0.001-0.007 

0.03-0.10 

0.45 

0.35 

0.015 

0.30 

9-221(A) 

Solar  4.75-5  50 

0.70-1.2 

020-0.80 

0.001  0.007 

0.03-0.10 

0.45 

0.35 

0.015 

0.30 

In  addition  to  the  ilcnanti  a  How  la  the  ttblt,  all  apect float  Iona  call  fjt  tha  fol loving: 

Co,  1.00  mx;  HI  ♦  Co.  SO. 00-55. 00;  Cr,  17.00-71.00;  Mo,  2.80-3.30;  Fa.  balance. 

When  aped  (lad.  P  (a  0.015  mi  lawn.  To  la  Hated  In  U0170-101  aa  0.50  mi  and  In  I50T69-S6  aa 
1.00  ana. 
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Reference 

Lot 

Chemical  Composition 

MI 

ro 

CR 

MO 

FE  * 

C 

H 

TI 

«L 

CB 

"•0031 

1 

(Composition  not 

reported.', 

51792 

1 

2 

3 

4 

5 

5S290 

1 

52.29 

18.80 

3.12 

18.84 

•  04 

.85 

.35 

5.15 

61323 

1 

52.00 

.06 

18.68 

3.07 

19.16 

.04 

.002 

1.01 

.33 

5.19 

2 

52.00 

.06 

16,68 

3.07 

19.16 

.04 

.00? 

1.01 

.33 

5.19 

3 

52.00 

.06 

16.68 

3.07 

19,16 

.04 

.00? 

1,01 

.33 

5.19 

63618 

1 

2 

3 

4 

63649 

l 

8*L. 

18.59 

3.07 

10.95 

•  04 

.003 

.«1 

.27 

63742 

1 

63743 

1 

52.83 

10.41 

3.05 

.08 

.007 

.91 

.63 

65177 

6 

53.36 

18.9? 

3.12 

17.34 

-05 

.98 

.3* 

5.23 

7 

S3. 36 

18.92 

3.1? 

17.3* 

.05 

.98 

.34 

5.23 

8 

53.4b 

17.73 

3.2? 

18.96 

.05 

•  64 

.45 

4 , 88 

9 

53.45 

17.73 

3.22 

18.96 

.05 

.6* 

.45 

4.88 

1 1 

S?„?9 

18. 90 

3.12 

18.84 

.04 

.85 

.35 

5.15 

13 

53.29 

50.80 

3. 13 

18.84 

.04 

.85 

.35 

5.15 

14 

52.16 

19.24 

3.10 

18,44 

.03 

.84 

.43 

S.  16 

15 

52,16 

19.24 

3-10 

18.44 

.03 

.84 

.43 

5.16 

16 

52.16 

19.24 

3.10 

18.44 

.03 

.84 

.43 

5.16 

6  7  *  9  *» 

11 

52.00 

19.00 

3.00 

.08 

.90 

.60 

17 

52.00 

19.00 

J.OO 

*  0  2 

.90 

.60 

f,  7  •,<#(, 

1 

52.63 

.11 

18.70 

3.00 

.03 

,003 

1.06 

.60 

5.25 

* 

52. h3 

.11 

18.7« 

J.OO 

.0  i 

.003 

1 .05 

.60 

5.2S 

1 

53. 4^ 

.11 

16.78 

3.00 

•  0l 

.009 

1 .06 

.60 

*  .25 

62. »3 

.11 

18.70 

3.00 

.03 

.003 

1.06 

.60 

5.25 

*  falantr,  if  rrpofln', 


Reference 

Lot 

Chentcn'  Composition 

o 

NT 

CO 

CR 

MO 

n  c 

8 

TI 

*1 

CB 

67596 

5 

52.  83 

.11 

18.78 

3.00 

.03 

.003 

1.06 

.60 

5.25 

6 

5?.  93 

.11 

18.78 

3.00 

*03 

.003 

1.06 

.60 

5.25 

7 

5?. 83 

.11 

18.78 

3.00 

.03 

.003 

1.06 

.60 

5.25 

9 

5?  *35 

.07 

19.46 

3.01 

.036 

•  004 

.99 

.43 

5.30 

9 

32.35 

.07 

IV. 46 

3.01 

.036 

.On* 

.99 

.43 

5.30 

67602 

20 

53.23 

<55 

18.75 

2.99 

.07 

.00) 

.94 

.64 

21 

58.61 

18.24 

2.81 

16.43  .06 

.77 

.49 

22 

53.28 

18.00 

3.20 

.09 

.004 

.83 

.56 

67609 

39 

52.10 

19.89 

2*97 

.06 

.006 

.81 

.60 

5.24 

40 

52.00 

19.60 

3.00 

.08 

.005 

.83 

.55 

5.20 

41 

51.70 

19.80 

3.00 

.07 

.004 

.80 

.71 

5.20 

42 

50.45 

20.00 

2o  92 

.09* 

.005 

.82 

.57 

4.77 

67613 

24 

51.30 

19. 70 

3.40 

*05 

.006 

1.1* 

.46 

5.60 

25 

51.70 

20.30 

3.10 

.06 

.004 

.85 

.74 

4.88 

26 

53.40 

19. 0C 

3.36 

.05 

.003 

1.20 

4.91 

0 

27 

54.00 

18*85 

3.23 

.06 

1.11 

.52 

5.27 

26 

52.30 

18.7o 

3.28 

.05 

002 

1.10 

.40 

*.96 

29 

54.52 

1«.20 

2.95 

.05 

.004 

.85 

.68 

5.58 

33 

5*. 2o 

18.60 

2«8o 

*02 

.006 

1.07 

.48 

5.03 

31 

51.70 

19.80 

2.50 

.06 

.003 

.69 

.56 

5.15 

32 

5l.7o 

18.30 

3.00 

.03 

.00* 

.70 

.48 

5.05 

33 

55.n0 

18.70 

3.25 

.06 

.046 

.93 

.40 

5.27 

34 

53.60 

18.80 

3.14 

.  06 

.89 

.55 

4.76 

35 

53.30 

18.50 

3.12 

.08 

.94 

.50 

*.98 

36 

54.40 

18.10 

3. 72 

.06 

.95 

.64 

5.08 

37 

53. ?0 

18. *0 

2.40 

.07 

.73 

.53 

4.72 

38 

52.80 

19.00 

3.10 

.03 

.60 

.37 

4.50 

39 

51.70 

1«.40 

3.76 

.04 

.-3 

.58 

6.05 

67614 

78 

52.20 

.10 

18.60 

3.00 

.033 

.00* 

.90 

.50 

5.25 

79 

52.00 

.16 

16.70 

3.37 

.038 

.004 

.93 

.46 

5.0« 

80 

52.40 

.42 

19.00 

3.02 

.063 

.004 

.98 

.44 

5.20 

81 

52.40 

.42 

19.00 

3.02 

.0*3 

.004 

.98 

.44 

1  » 

*  Bel«ncv.  if  not  i*porle<J. 


V-5 


p.  3  of  4 


Reference 

Lor 

NT 

CO 

C9 

MO 

Chemical 

n* 

rompo.lt  Ion 

48 

V 

8 

Tt 

*L 

CB 

67614 

82 

52.20 

.10 

18. HO 

3.00 

.033 

.00* 

.90 

.50 

5.25 

83 

52.20 

.10 

16. HO 

3.00 

.033 

.004 

.90 

.SC 

84 

52. 2C 

.10 

16.90 

3.00 

.033 

.004 

.90 

.50 

85 

S2.oo 

.18 

1».70 

3.07 

•  039 

.004 

.93 

.46 

9.09 

86 

SI. No 

.10 

19,70 

3.00 

•  033 

.003 

.93 

.47 

5.20 

87 

51.80 

.10 

19.50 

2.94 

•  048 

.005 

1.00 

.5* 

9.1? 

88 

51.80 

.10 

16.90 

2.94 

.046 

.005 

1.00 

.54 

5.12 

89 

51. HO 

.10 

1  H.50 

2.94 

.048 

.005 

1.00 

.54 

5.12 

90 

52.00 

.54 

1«.00 

3.00 

•  0**3 

.0  35 

1.00 

.48 

5.20 

91 

52.40 

.42 

19.00 

3.02 

•  043 

.004 

•  9M 

.44 

5.20 

92 

52.40 

.20 

18.50 

3.06 

•  043 

.003 

.94 

.45 

5.20 

93 

52.40 

.20 

1H.S0 

3.06 

•  043 

,0n3 

.94 

.45 

5.20 

94 

52.40 

.20 

18.50 

3.06 

.0*3 

,n«3 

.94" 

.45 

5.20 

95 

52.  *0 

.20 

18.50 

3.06 

•  043 

.003 

.94 

.45 

5.20 

96 

52.40 

.20 

18.50 

3.06 

.043 

.001 

.94 

.45 

5.20 

97 

52.*" 

.20 

19.50 

3.06 

.0*3 

.0"3 

.94 

.45 

5.20 

98 

52.40 

.20 

18,50 

3.06 

.043 

.001 

.94 

.45 

5.2C 

99 

52.40 

.20 

18.50 

J.Oft 

.049 

.0"! 

.94 

.45 

5.20 

100 

51. HO 

.10 

18.50 

2.94 

*049 

.005 

1.00 

.54 

5.12 

101 

52.40 

.42 

19.00 

3.02 

.043 

.004 

.98 

.44 

5.20 

102 

52.40 

.42 

19.00 

3.02 

.0*3 

.004 

.99 

.44 

5.20 

103 

52,40 

.42 

19.00 

3.02 

.043 

.0"* 

.99 

.*4 

5.80 

104 

57.40 

.20 

18.50 

3.06 

.043 

.0(13 

.94 

.45 

4.?0 

105 

51  .HO 

.10 

18.70 

3.00 

.033 

.001 

.93 

.47 

5.2" 

106 

51. HO 

.10 

18.70 

3.000 

.033 

.003 

.•3 

.47 

5.f0 

107 

52.00 

.54 

19.00 

3.00 

.0*3 

.005 

:  .oo 

.*• 

4.20 

108 

52.00 

.1* 

19.90 

J.00 

,943 

.005 

l  .00 

.49 

4.20 

109 

52.40 

.42 

li.00 

3.02 

,043 

.004 

.98 

.4* 

5.20 

110 

52.40 

.20 

l«.50 

3.06 

.0*3 

.003 

.94 

.45 

4.70 

111 

52,40 

.20 

18.50 

3.06 

»S«3 

.003 

.9* 

.45 

4.23 

11.' 

52. *0 

.20 

18.50 

J  ,  04 

.043 

.003 

.94 

.45 

4.20 

113 

52.40 

.*2 

19.00 

3.02 

.043 

.004 

.96 

.** 

5.20 

•  &«Unc«,  if  not  report  «•>' 
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M(«r«oc« 

Let 

OlMl«l 

Coapo  title* 

N| 

ro  c« 

M0 

re* 

C  * 

Tl 

6L 

67657 

9 

92.07 

19.33 

3.03 

•  049  .Oft* 

.07 

.60 

10 

92.36 

•  •.19 

3.01 

.06  .004 

•  04 

.47 

tl 

92.11 

19.31 

2.90 

.0*9  .00* 

.07 

.61 

65671 

1 

94.00 

10.97 

2.91 

•04 

.00 

.04 

•  !U  lane* , 

1(  eoc 

rtportfil . 

0 


REFERENCES 


Reference 

A 

B 

44973 

49184 

49649 

50031 

50706 

51792 

53427 

53601 

S4026 

54895 


No. 


Reference 


Reference  No. 


Reference 


Unpublished  data  under  Air  Force 
contract  AF  33(657)15787 

Morris,  B.,  McDonnell  Aircraft  Cor¬ 
poration,  Report  No.  513-241.02 
(December  6,  1963) 

Padian,  W. ,  "Inconel  718  Spot-Weld 
Design  Allowables",  North  American 
Aviation,  Inc.,  Los  Angeles,  Cali¬ 
fornia  TFD-61-924  (September  29, 

1961) 

"Evaluation  of  Welds  in  Inconel  718 
8  Reni  41  At  Room  Temperature,  -100  F 
and  -320  F",  AiResearch  Manufacturing 
Company,  Los  Angeles,  California 

"Inert  Gas  Tungsten  Arc  Welding  of 
Inconel  Alloy  718  with  Ren i  41  Filler 
Metal",  International  Nickel  Com¬ 
pany,  Huntington  Alloy  Products, 
Huntington,  W.  Va.  (November  28, 

1962) 

"Lescalloy  718  VAC  Arc  -  Property 
Data",  Latrobe,  Pennsylvania,  Metal¬ 
lurgical  Report  (August,  1962) 

Coffey,  F.  J.,  "Initial  Evaluation 
of  Brazeability  of  Inconel  718 
Nickel  Chromium  Alloy",  McDonnell 
Aircraft  Corporation,  St.  Louis, 
Missouri,  Report  No.  9337  (January 
10,  1963),  AF  33(657)-7749 

Raring,  R.  H. ,  Freeman,  J.  W. , 
Schultz,  J.  W.,  Voorhecs,  H.  R., 
"Progress  Report  of  the  NASA  Special 
Committee  on  Materials  Research  for 
Supersonic  Transports",  NASA  8 
University  of  Michigan,  Ann  Arbor, 
Michigan,  NASA  TN  0-1798  (May  1963) 

"Huntington  Alloys",  The  Internation¬ 
al  Nickel  Company,  Inc.,  Huntington, 
West  Virginia  (1963) 

Schmidt,  E.  SI.,  "Correlation  of  Ex¬ 
perimental  Data  For  Fabrication  of 
Inconel  718",  Rocketdyne,  A  Division 
of  North  American  Aviation,  Inc., 
Canoga  Park,  California,  Report  No. 

RD  62-10  (July  6,  1962} 

Coffey,  F.  J.,  "Shear  Strength  of 
Brazed  Inconel  718",  McDonnell  Air¬ 
craft  Corporation,  St.  Louis, 
Missouri,  Report  No.  A2S2,  (January 
3,  1963),  AF  3-(657)-11215 

Fibre,  B.,  "Certification  of  Electron 
Beam  Weld  Process  for  Inconel  718”, 
Airite  Products,  Division  of  the 
Electrada  Corporation,  Los  Angeles, 
California,  Report  No.  W6426  (Decem¬ 
ber  2,  1963) 


55049 


55050 


55127 


55290 


57147 


57516 


58137 


58334 


58539 


59644 


Newcomer,  R. ,  "Effect  of  Various 
Annealing  Cycles  on  Inconel  718 
Microstructure",  McDonnell  Aircraft 
Corporation,  St.  Louis,  Missouri, 
Report  A470  (December  12,  1962), 

AF  33(657)-11215 

Coffey,  F.  J. ."Evaluation  of  Brazing 
Alloys  for  the  Fabrication  of  Inconel 
718  Honeycomb  Sandwich  Panels",  Mc¬ 
Donnell  Aircraft  Corporation,  St. 
Louis,  Missouri,  Report  A469  (July 
12,  1963),  AF  33(657)-11215 

Padian,  W.  D.,  Robclotto,  R.  P., 
"Resistance  Welding  of  Inconel  718 
Nickel  Base  Alloy",  Welding  Journal 
Volume  43,  No.  2,  (February,  1964), 
pp  49-s  -  S6-s. 

Christian,  J.  L. ,  "Physical  and 
Mechanical  Properties  of  Pressure 
Vessel  Material  for  Application  in  a 
Cryogenic  Environment",  General  Dy¬ 
namics  Corporation,  Astronautics, 

San  Diego,  California,  Report  No. 

GD/A  63-0818-2,  3rd  Quarterly  Pro¬ 
gress  Report,  USAF,  (February  15, 
1964),  AF  33(6575-11289.  Phase  II 

Avery,  C.  H. ,  Turley,  R.  V. ,  "Chloride 
Stress  Corrosion  Susceptibility  of 
High  Strength  Stainless  Steel  Titani¬ 
um  Alloy  and  Supcralloy  Sheet", 

Douglas  Aircraft  Company,  Inc.,  Long 
Beach,  California,  ML-TDR-64-44 , 

Volume  I  (March,  1964),  ASD,  FAA  & 
NASA,  AF  33(657)- 8543) 

Evans,  R.  M. ,  "The  Welding  and 
Brazing  of  Alloy  718",  Battel le 
Memorial  Institute,  Columbus,  Ohio, 
DMIC  Report  204  (June  1,  1964) 

Lage,  A.  P.,  "Pressure  Vessel 
Fabrication",  Menasco  Manufacturing 
Company,  Burbank,  California,  Paper 
presented  at  FA2  Aerospace  Manufac¬ 
turing  Forum,  Los  Angeles,  Califor¬ 
nia  (October  5,  1964) 

Beeson,  P.  A.,  Lobb,  A.  E.,  "Weld¬ 
ing  Characteristics",  Boeing-North 
American,  Los  Angeles,  Californio, 

ML  TOR  64-237  (July,  1964),  AF 
Mat.  Lab.,  AF  33 (657) - 1 1 46 1 

Inouyc,  F.  T.,  "Fatigue  Properties 
of  Inconel  718  and  Tungsten  Inert 
Gas  Weldments",  Aerojet-General 
Corporation  Sacramento,  California, 
Report  No.  DVR  64-305,  (June  2, 

1964),  Progress  Report,  AD  448  564 

Losses,  R.,  "Hot  N2O4  Inconel  718 
Compatibility  Study",  Aerojet-General 
Corporation,  Sacramento,  California, 
Report  No.  64-365,  (July  15,  1964), 
Pinal  Report 


Reference  No. 


Reference 


V-8 


Reference 


Reference  No. 


61323 


61368 


61646 


61919 


61947 


61996 


62082 


62422 


62547 


Cullen,  T.  M.,  Freeman,  J.  tr.,  "The  62S4S 

Mechanical  Properties  of  Inconel 
718  Sheet  Alloy  at  800  F,  1000  F, 
and  1200  F",  University  of  Michigan, 

Ann  Arbor,  Michigan,  CR-268,  (July, 

1965),  Contractor  Report,  NASA 

Wagner,  H.  J.,  Hall,  A.  M.,  "Physical 
Metallurgy  of  Alloy  718",  Battelle 
Memorial  Institute,  Coluabus,  Ohio,  62549 

DMIC  Report  217,  (June  1,  1965), 

DOD,  AF  33(6153—1121 

Laabase,  J.  M.,  "Inco  718  Parent 
Metal  and  Veld  Joint  Design  Allow¬ 
ables",  North  American  Aviation, 

Inc.,  Los  Angeles,  California,  NAA 

Report  No:  TFD  60-915,  (December  62551 

2,  1960) 

West,  J.,  "Incon j1  718  Evaluation 
for  M-l  Turbine  Manifold",  Aerojet- 
General  Corporation,  A^usa,  Cali¬ 
fornia,  Report  No.  63-220  (March  14, 

1963),  Progress  Report 


Olofson,  C.  T. ,  Gurklis,  J.  A., 
Boulger,  F.  W. ,  "Machining  and 
Grinding  of  Nickel-  and  Cobalt-Base 
Alloys",  Battelle  Memorial  Institute 
Columbus ,  Ohio,  Technical  Memoran¬ 
dum,  NASA -TM-X-5 3446,  U.  S.  Army 
Missile  Command,  DA-01-021-AMC- 
11651  (Z) 

Keith,  R.  E.,  Monroe,  R.  E.,  Martin, 
D.  C.,  "Adhesive  Bonding  of  Nickel 
and  Nickel-Base  Alloys”,  Battelle 
Memorial  Institute,  Coluabus ,  Ohio, 
Technical  Memorandum,  NASA-TM-S- 
53428,  U.  S.  Army  Missile  Command, 
DA-01 -021- AMC- 11651  (Z) 

Strohecker,  D.  E.,  Byrer,  T.  G., 
Gerds,  A.  F.,  Gehrke,  J.  H.,  Boulger 
F.  W. ,  ''Deformation  Processing  of 
Nickel-Base  and  Cobalt-Base  Alloys", 
Battelle  Memorial  Institute,  Colua¬ 
bus,  Ohio,  Technical  Memorandum, 

U.  S.  Army  Missile  Command,  DA-01 - 
021-AMC-11651  (Z) 


Morris,  C.,  "Evaluation  of  Inconel 
718,  Age  Hardenable  Nickel-Chromium 
Alloy",  McDonnell  Aircraft  Corpora¬ 
tion,  St.  Louis,  Missouri,  Report 
No.  513-241.02  (December  6,  1963), 
Final  Report 

Kiefer,  T.  F.,  Keys,  R.  D. , 
Schwartiberg,  P.  R.,  "Determination 
of  Low-Temperature  Fatigue  Proper¬ 
ties  of  Structural  Metal  Alloys", 
Martin  Company,  Denver,  Colorado, 
CR-65-70  (October,  1965),  Final 
Report,  NASA  NASS- 11 300 

Eash,  D.  T. ,  "A  Cryostat  for  Iiod 
Impact  Testing",  University  of  Cali¬ 
fornia,  Los  Alamos,  New  Mexico, 

Paper  No.  G-l,  for  AEC,  presented 
at  Cryogenic  Engineering  Conference 
held  at  Rice  University,  Houston, 
Texas  (August  25,  1965) 

McCulloch,  A.  J.,  Melcon,  H.  A., 
Young,  L.,  Bakow,  l.,  "Fatigue  Be¬ 
havior  of  Sheet  Materials  for  the 
Supersonic  Transport",  Lockheed- 
Callfornia  Company,  Burbank,  Cali¬ 
fornia,  AFML-TR-64-399 ,  Volume  II, 
(January  1965),  Final  Technical 
Report,  FAA,  AF  33(657)-11460 

Vagi,  J.  J.,  Monroe,  R.  E.,  Evans, 

R.  M. ,  Martin,  D.  C.,  "Joining  of 
Nickel  and  Nickel-Base  Alloys", 
Battelle  Memorial  Institute,  Colum¬ 
bus,  Ohio,  Technical  Memorandum, 

U.  S.  Army  Missile  Cotsaand,  DA-01- 
021-AMC- 11651  (Z) 


625S3  Kura,  J.  G.,  Barth,  V.  D.,  Safranek, 

W.  H.,  Hall,  E.  H.,  McCurdy,  H., 
Mclntire,  H.  0.,  "The  Making  of 
Nickel  and  Nickel-Alloy  Shapes  by 
Casting,  Powder  Metallurgy,  Electro¬ 
forming,  Chemical  Vapor  Deposition, 
and  Metal  Spraying",  Battelle  Memori 
al  Institute,  Columbus,  Ohio,  Tech¬ 
nical  Memorandum,  U.  S.  Army  Missile 
Command,  DA-01-021-/MC-116S1  (Z) 

62807  Slunder,  C.  J.,  Hall,  A.  M. ,  "Ther¬ 

mal  and  Mechanical  Treatments  for 
Nickel  and  Selected  Nickel-Base 
Alloys  and  Their  Effect  on  Mechani¬ 
cal  Properties",  Battelle  Memorial 
Institute,  Coluitbus,  Ohio,  Technical 
Memorandum,  U.  S.  Army  Missile 
Command,  DA-01-021-AMC-11651  (Z) 

63618  Heyer,  8.  A.,  Marlstt,  J.  W., 

Avery,  H.  S.,  "Manufacturing  Process 
Development  for  Superalloy  Cast 
Parts",  American  Brake  Shoe  Company, 
Mahwah,  New  Jersey,  Interim  Engi¬ 
neering  Progress  Report  No.  3P-8- 
297  (2)  (December  31,  1965),  AF 
Mat.  Lab.,  AF  33(61S)-2797 

63646  Redllnger,  R.  W. ,  Rishavy,  T.  E., 

"Process  Development  for  Precision 
Radial  Forging  Integral  Turbine 
Wheels”,  TRW  Inc.,  Cleveland,  Ohio, 
Interim  Technical  Progress  Report, 

No.  2  (February  28,  1966),  AF  33 
(61S)-2171 

63649  Betts,  R.  D.,  Fish,  R.  E.,  Shira, 

C.  S.,  "Weld  Efficiencies  of 
Inconel  718  Gas  Tungsten  Arc  Welds 
In  the  -423  F  to  1500  F  Temperature 
Range”,  North  American  Aviation,  Inc. 
Canoga  Park,  California,  Final  Re¬ 
port  MPR  5-175-363  (July  27,  1965) 


Reference  No. 


Reference 


Reference  No. 


Reference 


V-9 


63673  Malin,  C.,  Green,  E.  F.,  "cow 

Temperature  Properties  of  Cast 
Inconel  718",  North  American 
Aviation,  Inc.,  Los  Angeles,  Cali¬ 
fornia,  Progress  Report  No.  1 
(June  2,  1964) 

63742  Lynn,  J.  N.,  "Siamary  of  Properties 
-  J-2  Injector  Forging  S/N  2219  by 
Wyman-Gordon  from  INCO  718  Alloy", 

North  American/ Rocket dyne,  Cano g a 

Park,  California,  Laboratory  Report 
No.  TAM4  2114-61  (July  24,  1962) 

63743  Malin,  C.  0.,  "Low  Temperature  Pro¬ 
perties  of  a  Large  Inconel  718  Forg¬ 
ing  for  Two  Heat  Treat  Conditions", 

North  Ameri can/ Rocket dyne ,  Canoga 
Park,  California,  Research  Report 
No.  MPR  5-175-08  (January  7,  1965) 

64273  "Handbook  of  Huntington  Alloys", 

The  International  Nickel  Company, 

Inc.,  Huntington,  Nest  Virginia 
(1966) 

64409  Lynn,  J.  N.,  Green,  E.  F.,  "Property 

Evaluation  of  Inconel  718  Foil", 

North  American  Aviation,  Inc., 

Canoga  Park,  California,  Research 
Report  MPR  5-17S-221  (May  13,  1965) 

64660  Jackson,  C.  M. ,  Hall,  A.  M.,  "Sur¬ 

face  Treatments  for  Nickel  and 
Nickel-Base  Alloys",  NASA,  George 
C.  Marshall  Space  Flight  Center, 
Huntsville,  Alabama,  Technical 
Memorandum  NASA  TM  X-53448  (April 
20,  1966)  Redstone  Ars  DA-01-021- 
AMC-116S1  (Z) 

64723  Cawthorne,  E.  W.,  'Trip  to  Ai- 

Research  Manufacturing  Company,  Los 
Angeles.  California,  Report  on 
Official  Travel  to:  R.  Runck, 

Battolle  Memorial  Institute,  Colum- 
bus,  Ohio  (February  4,  1965) 

64912  Valdez,  P.  J.,  "Establishment  of  an 

Optimum  Heat  Treatment  for  Use  in 
718  Alloy  Bellows  and  Gimbal  Struc¬ 
tures",  Solar,  a  Division  of  Inter¬ 
national  Harvester  Company,  San  Diego, 
California,  Research  Report  No.  RDR 
1460  (March  1966),  NASA,  NAS  8-11282 

6S177  Christian,  J.  L.,  "Mechanical  Pro¬ 

perties  of  Several  Nickel  Base 
Alloys  at  Room  and  Cryogenic  Tem¬ 
peratures",  General  Dynamics/Convair, 
San  Diego,  California,  Paper  No. 

G-4  presented  at  the  1966  Cryogenic 
Engineering  Conference,  Boulder, 
Colorado  (June  13-15,  1966) 

65780  Glackin,  J.  J.,  Gowen,  Jr.,  E.  F., 

"Evaluation  of  Fasteners  and  Fastener 
Materials  for  Space  Vehicles", 
Standard  Pressed  Steel  Company, 
Jenkintown,  Pennsylvania,  Final  Re¬ 
port  (December  31,  1965)  NASA, 
NASB-11125,  p.  iv 


65927  Blatherwick,  A.  A.,  Cers,  A.,  "Fa¬ 

tigue,  Creep  and  Stress-Rupture 
Properties  of  Nicrotung,  Super  -286, 
and  Inconel  718",  University  of 
Minnesota,  Minneapolis,  Minnesota, 
Technical  Report  AFML-TR-6S-447 
(June  1966),  AF  33 (657) -7453  and 
AF  33 (615) -1122 

66076  Dunn,  Jr.,  E.  J.,  "Development  of 

Manufacturing  Methods  for  Form 
Rolling  Close  Tolerance  Shapes  of 
Superalloys",  Engelhard  Industries, 
Inc.,  Attleboro,  Massachusetts, 
Interim  Engineering  Progress  Report 
No.  1,  IR9-104- (I)  (April  30,  1966) 

66396  Hoegfeldt,  J.  M.,  "Manufacturing 

Technology  for  the  Extrusion  of 
Superalloy  Structural  Shapes", 

TRN  Inc.,  Cleveland,  Ohio,  Interim 
Engineering  Progress  Report  IR 
8-301  (V)  (October  1,  1966),  AF 
33(615)-2873 

66882  Sessler,  J.,  Weiss,  V.,  "Materials 

Data  Handbook  -  Inconel  Alloy  718", 
Syracuse  University  Research  Insti¬ 
tute,  Syracuse,  New  York  Handbook 
(September  1966)  NASA,  NAS8-1134S 

67431  Barker,  J.  F.,  "A  Superalloy  for 

Medium  Temperatures" ,  Metal  Pro¬ 
gress,  Vol.  81,  No.  5,  (May  1962), 
pp.  72-76 

In  addition,  the  unpublished  data  collected  by  the 
AS1M-ASME  Joint  Cowittee,  on  the  effect  of 
temperatures  on  the  properties  of  metals,  is 
Stored  and  referenced  by  the  following  DMIC 
accession  numbers: 

67595 

67596 
67602 
67609 

67613 

67614 
67657 

70525  Janser,  R.  R.,  "Summary  of  Materi¬ 

als  Technology  of  M-l  Engine", 
Aerojet-General  Corporation, 
Sacramento,  California,  Technology 
Report,  NASA  CR-S4961  (July  22, 
1966),  NASA,  NAS3-2S55 


V-10 


TOS  (?t11) 
TYS  (Fty) 
CTS  (Fcy) 

sos  (rn) 
sos  (PbrB) 
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*c 
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Tensile  ultimate  strength 

Tans 11s  yield  strength  (0.21  offset) 

Ce^reaslve  yield  strength 

Sheer  ultimate  strength 

Besting  ultimate  strength 

Bearing  yield  strength 

Elongetion 

Modulus  of  elasticity  Is  tension 
Modulus  of  elasticity  In  compression 
Modulus  of  elasticity  In  sheer 
Poisson's  ratio 


C 

I 

o 

*t 

*Ic 

e/D 

A 
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Density 
Specific  heat 
Thermal  conductivity 
Coefficient  of  the  reel  expansion 
St  ress-coocent  rat  Ion  factor 
Critical  stress- Intensity  factor 
Edge/distance  ratio  (hearing  data) 

Batio  of  alternating  stress  to  amen  stress 

(fatigue) 

Batio  of  aeries  stress  to  mlnteesi  stress 
(fatigue) 


Symbols  shown  In  parentheses  indicate  ulnlaun  values  used  is  design. 
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Data  Basis  for  "Design"  Properties 

Tables  of  "design"  mechanical  and 
physical  properties  in  this  document  indicate  a 
coded  basis  for  the  v.'Iucs  presented  therein. 

This  code  employs  the  letters  A,  B,  and  S,  which 
are  defined  below,  together  with  explanatory  foot¬ 
notes  as  required.  The  data  basis  indicated  by 
this  code  is  applicable  to  the  following  proper¬ 
ties.  Ftu,  F{„,  F £y,  Fgu,  and  e.  It 

is  not  applicable  to  elastic  or  physical  proper¬ 
ties  (E,  Ec,  G,  u ,  u,  C,  K,  and  a),  which  are 
average  properties,  nor  is  a  data  basis  applicable 
to  individual  test  data,  averages,  or  plots  of 
these  data. 

The  use  of  a  data  basis,  together  with 
the  designation  of  data  as  "design  properties", 
implies  that  the  data  have  been  reduced  in  some 
manner  to  minimum  values,  defined  as  follows: 

A.  basis.  The  A  mechanical-property  value 
is  the  value  above  which  at  least  99  per¬ 
cent  of  the  population  of  values  is  ex¬ 
pected  to  fall,  with  a  confidence  of  95 
percent . 

-  basis.  The  B  mechanical-property  value 
is  the  value  above  which  at  least  90  per¬ 
cent  of  the  population  of  values  is  ex¬ 
pected  to  fall,  with  a  confidence  of  95 
percent . 

S  basis.  The  S  mechanical-property  value 
is  the  minimum  value  specified  by  the 
Federal  Specification,  Military  Speci¬ 
fication,  or  SAE  Aerospace  Material 
Specification  listed  for  the  material. 

For  certain  products  heat-treated  by  the 
user,  the  S  value  may  reflect  a  specified 
quality-control  requirement. 

Usually,  only  Ftu  and  F,y  in  a  specified 
testing  direction  are  determined  in  such  manner 
that  they  cpn  be  termed  A  or  B  valuos,  in  accor¬ 
dance  with  the  definitions  given  above.  Like¬ 
wise,  usually  only  Ft  ,  F*y,  and  c  arc  specified 
in  the  governing  specifications  and  can  be  termed 
S  values.  However,  ratioing  procedures  have  been 
established  by  means  of  which  other  property 
values  for  Ftu  and  Fty,  and  the  s  imc  basis  is  used. 

A  more  detailed  description  of  data  bases 
and  the  computational  procedures  used  to  deter¬ 
mine  design  values  is  presented  in  AFML-TR-66-386 
"MIL-HDBK-5  Guidelines  for  the  Presentation  of 
Data"  (Fcbrvsry  19t>7) . 

Con st ant -Life  Diagrams  (fatigue) 

Fatigue-test  data  in  this  document  are 
presented  either  in  stress-lifetime  (S-N)  tables 
or  curves  or  in  constant-life  diagrams,  depending 
on  the  type  of  data  that  are  available.  Since  the 
latter  arc  not  familiar  to  many  readers,  a  brief 
description  of  their  construction  and  use  may  be 
helpful . 

Each  constant-life  diagram  represents  a 
composite,  or  "cross-plotting",  of  related  S-N 
curves  for  several  stress  ratios.  Initially, 


stress-lifetime  data®  ore  plotted  as  stress  (usually 
maximum  stress)  versus  lifetime  (number  of  cycles, 
logarithmic  scale).  Individual  plots  arc  usually 
made  for  each  set  oc  test  conditions  (stress  ratio, 
notch  acuity,  testing  temperature)  and  product 
(product  form,  heat  treatment,  etc.).  In  addition, 
tensile  data  (at  temperatures  below  that  at  which 
creep  is  significant)  and  creep-rupture  data  (at 
elevated  temperatures)  are  employed  as  "fatigue" 
data  for  the  limiting  case  where  alternating  stress 
is  zero  (A  *  0,  R  =>  1) . 

Within  each  plot  a  smooth  curve  is  drawn  to 
represent  the  mean  of  the  plotted  data.  Then, 
from  each  related  curve,  differing  only  in  stress 
ratio,  stresses  are  selected  corresponding  to  one 
or  more  arbitrary  lifetimes.  By  convention,  these 
lifetimes  are  in  powers  of  10  cycles  (that  is, 

103,  104,  etc.)*5;  within  the  temperature  range  at 
which  creep  occurs,  the  corresponding  duration  in 
hours  is  usually  indicated  parenthetically  (dur¬ 
ation  *  number  of  cyclcs/frequency) . 

On  a  constant-life  diagram,  these  points 
are  rcplotted,  and  smooth  curves  are  drawn  through 
the  plotted  points  representing  each  lifetime. 

The  format  used  for  these  diagrams  is  that 
approved  for  use  in  Military  Handbook  5.  It  repre¬ 
sents  a  modified  Goodman  diagram,  which  has  been 
rotated  45  degrees  to  permit  horizontal  and  vertical 
scaling  of  maximum  and  minimum  stress,  respectively. 
Diagonal  scaling  is  employed  for  alternating  and 
mean  stress,  and  different  stress  ratios  arc  indi¬ 
cated  by  a  scries  of  straight  lines  radiating  from 
the  origin. 

This  diagram  may  be  used  in  many  ways. 

For  example,  to  determine  the  maximum  stress 
corresponding  to  a  specified  lifetime  and  stress 
ratio,  one  would  find  the  intersection  of  the 
lifetime  curve  and  the  stress-ratio  radian,  then 
read  the  coordinates  of  this  intercept  on  the 
maxi mum- stress  scale  on  the  left  margin  of  the 
plot. 

A  more  detailed  description  of  constant- 
life  diagrams  may  be  found  in  AFML-TR-66-336, 
"MIL-IIDBK-S  Guidelines  for  the  Presentation 
of  Data”  (February  19F7) 


a  Thu  term  "lifetime"  may  be  applied  cither  to 
rupture,  the  attainment  of  0.:  percent  plastic 
strain,  or  other  life  criteria  as  desired. 

b  Within  the  lower  temperature  range,  tcr.sile  data 
are  presumed  to  be  time- independent  and  a  single 
value  (TUS  or  TVS)  is  used  for  all  lifetimes. 
Creep- rupture  data  are  first  converted  to  equiva¬ 
lent  number  of  cycles  at  the  frequency  employed 
in  conducting  the  fatigue  tests  (number  of  cycles, 
n  •  time/ frequency) . 
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